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GREAT WESTERN POWER COMPANY’S SYSTEM 


BY RUDOLPH W. VAN NORDEN! 


The development of the power system of the 
Great Western Power Company has been the result 
of a most daring venture, itself audacious in the 
originality of its method of extracting from an almost 
invincible hiding place, a supposed hoard of gold. The 
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Power House, showing Transmission-line Towers, 


story of the Big Bend tunnel, with its hopes and its 
failures, constitutes one of the chapters in the his- 
tory of mining in California. The project was too 
daring, and failed. But the ultimate use of the tun- 
nel and the development of the plant of the Great 
Western Power Company, add a new chapter, a sequel 
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of final success, not dreamed of by the original pro- 
moters, from a utilitarian viewpoint. 

The late Major Frank McLaughlin, who had 
mined and prospected on the Feather River and ad- 
joining country, realized the value of the river gravel 


Pipe-lines and Surge-pipe, and Cable Crossing River. 


as holding free gold washed down from the upper 
reaches of the river. He conceived a plan of expos- 
ing the bed of the river, around the Big Bend, by 
carrying the flow, through a tunnel across the bend. 
Accordingly, he formed a company for this purpose. 
It was planned to build a tunnel of sufficient size 
to carry the stream, throughout the period of low 
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water flow, which ordinarily lasts from four to five 
months each year. This would expose about fifteen 
miles of the stream bed, and it was thought, leave 
it practically dry, thus permitting of the extraction 
of gold from the gravel and sand. 

The plan met with the approval of Dr. Pierce, 
a patent medicine manufacturer, of Buffalo, N. Y., 
who arranged for the necessary funds to carry on the 
work. 

The tunnel was commenced, at its outlet in Dark 
Canyon, in the fall of 1882. A complete equipment 
of boilers and compressors was set up at this point, 
to supply compressed air to operate the drills. An 
opening 13 ft. wide and 8 ft. high was adopted as 
being sufficient to carry the flow of the river, and 
the grade was made 15-16 in. to the rod. Work was 
prosecuted with all possible haste, in three eight- 
hour shifts a day, and records as high as 400 ft. per 
month were made, which, at that time, was considered 
remarkable. : 

The project was a gigantic one and called for a 
constant supply of money. The rock encountered for 
the first 2,900 ft. was a homogeneous blue slate, fairly 
hard; beyond this a section of very hard rock was met, 
which, for a time, arrested progress. The big Bur- 
leigh drills could make but little headway and struck 
fire constantly. It sometimes took 22 hours to drill 
a round of holes while 13 men were worked on a shift. 
So difficult was this work, says Mr. Henry Turner, 
who was a trusted employee and had worked on the 
project from its inception, and who is still on the 
ground in the employ of the power company, that on 
one shift he took out 375 dulled drill-points. 

It was at this point that it looked as if the pro- 
ject would have to be abandoned, but a lucky find of 
gold, while prospecting in a crevice, rich almost 
beyond belief, bolstered the waning enthusiasm and 
supplied new life and inspiration for the work. 

Water was finally turned through the tunnel on 
July 4th, 1886, only to disclose the fact that the bore 
was not large enough to carry the flow, thereby per- 
mitting the working of the river bed. A crib dam was 
also completed, several hundred feet below the mouth 
of the tunnel during that summer, but in the fall 
of the same year it was decided to enlarge the tun- 
nel. 

This latter work was completed in one year and 
consisted in removing four feet from the roof of the 
tunnel, leaving the opening 13x 12 ft. The work had 
cost about $750,000. The length of the tunnel was 
12,007 ft., or nearly two and one-half miles. 

The interesting and objective part of the pro- 
ject was now ready for exploitation; gold so well 
hidden was to be recovered. During the fall of 1886 
the river had been prospected to some extent, but 
during the summer of 1887, five claims were opened 
up. These were worked during the summer of 1888 
with varying success, but in the summer of 18809 
but one claim seemed to hold forth any promise and 
was alone operated. 

Many rich pockets were opened, but it seemed as 
if fate plotted with Nature against this plucky band 
of miners. A rich crevice invariably ended with a 
sharp shelving of the bedrock. It was possible to 
operate the claims but six months each vear and 4 
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common error seems to have been made, that of 
working ground in ‘which, old miners said they had 
found gold (and as was afterwards proven, had taken 
all that was there), instead of prospecting untried 
ground. A claim at Arnum Bar paid one-half ounce 
per day per man and another above Stone House paid 
a like amount. But they were of short duration. 
The claim worked during the season of 1889 at Huff’s 
Par paid $8 per man per day for the entire season. 
In fact, the story is told that on the last day of that 
season, when the river had been rising and the miners 
were in imminent danger, as the flume was expected 
to go out at any minute, there were three men work- 
ing against time, as every moment of work meant 
more gold. They knew it was their last chance for 
six months, and during that day took out $950. 
Finally the rising flood carried awav the flumes and 
sluices and the miners barely escaped with their lives. 

So far the value of the gold recovered had been 
insignificant in comparison with the cost of the pro- 
ject, and from 1889 to 1906 practically nothing was 
done aside from occasional attempts to prospect the 
channel. In the latter year, however, the property 
was leased to some Chinamen, for a term of five 
vears. The crib dam had been destroyed by high 
water some three years previous to this time and the 
Chinese lessees undertook to replace it. By the fol- 
lowing year they were in debt to the amount of $2,200 
and the dam was incomplete, but by persistence they 
managed to finish the dam in 1898 at a total cost of 
$3,200. During this season the Chinese cleaned up 
a total of $5,020 which represented the entire reward 
of their efforts. 

The conception of the utilization of the power in 
the water flowing down Dark Canyon was not particu- 
larly new, for during the intermittent attempts to 
mine the river some power was derived from a small 
plant consisting of two 80 h. p. dynamos driven by 
water wheels. This plant was near the junction of 
Dark Canyon and the west branch of the Feather 
River. The flow after leaving the tunnel was carried 
along the side hill in a canal to a point directly above 
this plant. Power was brought to the placer claims 
and used principally to drive pumps. 

The project had amounted to a series of failures, 
insofar as the ultimate object was concerned, but the 
subsequent sale of the tunnel and properties to a 
company, now the Great Western Power Company, 
and the completion of the power plant, on a scale 
that surpasses anything of the sort in the western part 
of the United States, has turned the first unsuccessful 
attempt to extract from Nature her wealth to a glori- 
ous victory. 

General Plan of Power Development. 

The canyon of the Feather River is similar to 
that of most of the other rivers having their rise in 
the Sierra Nevada Mountains and flowing into the 
great central valley of California. The Feather is one 
of the largest of these rivers, however, and has prob- 
ably the greatest minimum or low-water flow. It 
has several branches, the principal ones being the 
Middle and the North Forks. The source of the 
former is largely in Sierra Valley, Sierra County, while 
that of the latter covers all of the upper half of 
Plumas County. The watershed of all branches is in 
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California. The largest branch of the North Fork 
has its rise on the eastern slopes of Mount Lassen and 
the adjoining country known as the Big Meadows. 
It is here that the company have large land holdings 
and eventually intends to construct an enormous 
reservoir which will supply enough water, during the 
period of low-water flow, to double the amount of 
that flow in the river. 


During the winter and spring months all of the 
branches discharge a large quantity of water, but 
throughout the period of low water the North Fork 
maintains the highest minimum flow. The low-water 
record for this branch is said to be about 925 second 
feet, while it is estimated that the flood discharge is 
as great as 125,000 second feet. 

The problem of a power development would have 
been similar to many others in the West, were it not 
for two local conditions, both of which make this 
installation unique. There was, first, the Big Bend, 
where the river, turning abruptly at right angles, 
leaves its general direction and runs in this manner 
for about four miles and then, by a series of more or 
less abrupt turns, again recovers and continues the 
seneral direction. From the beginning of the bend to 
its final correction is about twelve miles. but the 
distance directly across is but three. The fall of the 
river, per mile, is not great, averaging 35 ft., but the 
total fall across the bend is 420 ft. 


The second condition was the tunnel which had 
a total fall of nearly 70 ft. The simplest solution of 
the nower problem, would have been to utilize the 
old canal from the outlet of the tunnel and either the 
site of the old power plant. or one nearby, for the 
new installation. By doing this the hydraulic head on 
the plant would have been determined by the eleva- 
tion of the canal; the benefit of the fall in the tunnel 
would have been lost as would also any head due to 
the reservoir possibility at the intake. Further than 
this. a variation from low to high water in the river 
meant an additional sacrifice of power. The problem 
was, therefore, resolved to the use of the tunnel under 
nressure, which immediatelv led to the possibilitv of 
a considerable reservoir at the intake, bv the construc- 
tion of a high over-flow dam. Other water rights and 
properties further up the river were procured, for 
future development, and with this in view the possi- 
bility of increasing the minimum flow during the sum- 
mer and fall months was apparent. The plant was 
therefore designed to use about double the minimum 
flow, to operate a reservoir formed by means of a 
high dam. which would act as a balancing reservoir 
and thereby carry peak loads beyond the nosshilitv 
of the calculated flow, to supply water for. and to 
operate the tunnel as a part of the pressure conduit. 

In order to obviate a long header pipe and at 
the same time place the plant in the main river, it was 
necessarv to drive an extension to the old tunnel. It 
was further deemed advisable to enlarge the old tun- 
nel and place a smooth concrete lining through this 
and the new section: this work to be carried on 
simultaneously with the construction of the power- 
house. 

This design necessitated a high class of modern 
engineering, and especially so in view of the fact that 
it was necessary to get the plant in operation in a 
space of time, much shorter than it would be possible 
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to complete the high altitude storage system and the 
dam at the intake. To meet these conditions it was 
necessary to complete the first installation, except in 
those parts in which interruption to operation could 
not be considered, to one-half of the ultimate capa- 
city. 

Preliminary Work. 

Preliminary work by the engineers was com- 
menced in the fall of 1906 and six months later actual 
construction was in progress. At that time there was 
no railroad transportation nearer than Oroville, twenty 
miles away, and the roads were rough and unsuited 
for hauling heavy materials. It was, therefore, neces- 
sary to build or rebuild about twenty miles of road 
to fit it for heavy hauling. There were no towns 
nearby, so that the company was obliged to make pro- 
vision for housing the thousand or more men who 
were to be emploved on the work. Three camps were 
built, one at Island Bar, a half mile from the power- 
house on the river, one in Dark Canyon at the outlet 
of the tunnel and one on the mountainside above the 
inlet. There were a number of smaller camps scat- 
tered along the work and the company maintained a 
well-equipped hospital. 

Two sawmills were erected and placed in opera- 

There were two well-equipped steam-driven 
compressor plants installed. one at either end of the 
old tunnel. as well as two complete rock-crushing 
plants. similarly placed. With this preliminarv eauin- 
ment the work of construction progressed rapidly 
Electric power for the crusher plants, the locomotives 
in the tunnel, lighting, etc., was supplied from these 
plants and some current was purchased, in addition to 
that generated, from the Oro Light & Power Company, 
whose plant is a few miles distant. 

At the mouth of the tunnel a cofferdam was 
built to permit the construction of the intake tower 
and at the site of the powerhouse a similar device was 
emploved for setting the foundation. A low timber 
crib dam was built several hundred feet below the in- 
take. This was necessary in order to give the flow 
the proper diversion into the intake tower and to 
suffice until such time as the proposed dam could be 
built. ‘ 

Work on the tunnel and hea@r pipe was com- 
pleted, as these parts, once placed in operation, could 
suffer no interruption. 

The completion of the Western Pacific track to 
a point opposite the powerhouse, in 1908, facilitated 
the delivery of machinery. Cars were shunted at this 
point and all machinery and supplies were transported 
across the river, to the powerhouse, by means of two 
Lidgerwood aerial tramways. 

The one designed to carry machinery has a capa- 
city of 35 tons. The cableway consists of two 2% in. 
steel cables, supported from substantial structural steel 


tion. 


towers 1,200 ft. apart. It is operated by compressed 
air and is of sufficient elevation to carry loads to the 
level of the header pipe. A second smaller tramway 
was installed to carry light loads, supplies, etc. 


The Tunnel. 


The work of enlarging the old tunnel was car- 
ried on simultaneously. with the driving of the new 
It consisted of widening and giving the roof 
The concrete lining is 


section. 
a semi-circular cross-section. 
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21 in. thick, although this of course varies. The rock 
formation is hard and very little timbering was neces- 
sary. All but 400 ft. of the tunnel was finished in 
this manner, making the length of the section 11,460 ft. 

Work on the new section of the tunnel was rapid, 
due to modern improved methods. At a point 400 ft. 
within the outlet of the old tunnel, the new section 
was commenced, its direction bearing away from the 
former at an angle of 38°. While the grade of the 
original tunnel, which is 0.5 per cent, could not be 
changed, that of the extension was made 1 ft. in 3,000. 
The dimensions are somewhat greater, but the cross- 
section has the same general form as the older sec- 
tion. The carrying capacity is estimated to be 2,500 
cubic feet per second, and the loss in head, at this 





Unfinished End of Old Tunnel, showing Bulk-head. 


flow, is 10 ft. The new section has a length of 3,450 
ft., and the net area of cross-section is 225 square ft. 

Two concrete bulkheads were erected to plug the 
unused end of the original tunnel. The first of these 
is directly at the junction with the new section and is 
given a curved surface, making a smooth turn from 
the old to the new sections. Through this bulkhead 
are a number of small pipes, allowing water to pass 
to the other side, thus relieving it of pressure. 
Beyond the first bulkhead is a second. This is 25 ft. 
thick and is the true plug. Through this, two 12-in. 
steel pipes, each equipped with two gate-valves, were 
inserted. These are for drainage, should the neces- 
sity arise. The accompanying view shows the section 
of the old tunnel, between the plug and the outlet. 
This section has not been altered. The plug can be 
distinctly seen. 


Intake. 


Operating the tunnel under pressure, with the 
ultimate surface of the river 140 ft. above the mouth 
of the tunnel, necessitated an unusual construction 
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Outlet of Old Tunnel in Dark Canyon. 


for the control of the intake flow. Combined with this 
fact was the advisability of taking water as near its 
surface as may be possible, to eliminate sand, which 
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Elevation of Intake Tower as it will Appear when 


Completed. 


will settle to the bottom. A concrete tower has been 
constructed, which will eventually have four rows of 


twelve openings each, and each opening controlled 





Intake Tower at the Present Time, showtng the 
Four Temporary Sluice Gates. 


by a heavy cast-iron 
ings are 3 ft. 4 in. by 4 ft. 


hinged door. The open- 
For the present this tower, 


which has a diameter of 7o ft., has a height of 64 ft. 
It is proposed to carry it to an ultimate height of 
154 ft., and this work will be carried forward in con- 
junction with the high dam, on which work is about to 


commence. 





Cross Section of the Intake Tower as at Present 
Installed. 


Under the present conditions of operation, water 


is taken into the intake tower, through four rectangu- 
lar sluice-gates 5 ft. wide and 12 ft. 3 in. long. These 





320 JOURNAL 


OF ELECTRICITY, POWER 


AND GAS [ Vol. XXIV—No. 15 





Looking up Feather River from a voint on the South 


Depot; Machine and Forge Shop on the 
House on the Left. 


were specially designed and incorporated for the pres- 
ent use and will be abandoned as a method of intake 
after operation at the full head is possible. They are 
made up of horizontal sections of timber, 12x 12 in., 
fastened together by two vertical bolts extending 
through the timbers, and the whole raised and low- 
ered by a steel screw operated by a nut and worm 
gear. The gates slide in grooves in the concrete and 
are provided with trash screens covering the open- 
ings. On top of the tower is a gatehouse, provided 
with electric motors for operating the gates through 
worm gears. An ingenious apparatus is also provided 
for cleaning the trash screens, also .operated by a 
motor. The intake tower, insofar as it is at present 
completed, is a splendid example of concrete work, 
both in design and finish. 


1090 ft. 


fasonry Dam 
Flev. of Crest 
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Map showing Plan of Power Development, 


The tunnel and header pipe are complete. A low 
crib dam at the present time diverts the flow through 
the intake into the tunnel; the plant is therefore oper- 
ating under a temporarily low head of 430 ft., although 
the finished work is all designed for the full head of 
535 ft., which will be maintained upon the completion 
of the high intake dam. 


Preparation for Building Dam. 
Early in 1910 preparations were commenced 
for the work on the permanent dam. This is 
going to be a big undertaking, as, in fact, is every 


vescern Pacific 
tight; Intake Tower in the Background; Cookhouse ana Compressor- 


Bank near the End of the Proposed Dam. 


feature of this installation. I‘rom the standpoint of 
the civil engineer, it is one of the most interesting 
projects at present under construction. There is noth- 
ing unusual in the construction of a gravity section 
wier dam, as many such dams have been successfully 
built. But this dam will have the distinction of being 
the highest dam of this type in existence. It will, 
furthermore, due to its comparatively short crest, have 
to carry, at times, more water per foot of length than 
most high overflow dams. 


Preparations now being made under the able 
direction of Mr. W. S. Cone, superintendent of con- 
struction, are on a scale of magnitude and complete- 
ness well calculated to provide every advantage that 
engineering skill can suggest, to expedite the work 
and at the same time carry on the construction in the 
most economical manner. 

The buildings necessary to comfortably house 
the workmen and field engineers, also for machinery 
and materials, have been completed. There are three 
well constructed camps; one for workmen, one for 
hostlers and one for the engineers or others in author- 
ity. There is a well-equipped hospital with physician 
and nurse, all situated on the south side of the river. 

The Western Pacific Railway occupies the north 
side and has here a station. Here also is the large 
storehouse of the commissary department, a_ well- 
equipped blacksmith shop and a machine shop. On 
the south side is a compressor house, which contains 
two Ingersoll-Rand compressors, each driven by a 
150 h. p. induction motor. From this point com- 
pressed air will be supplied wherever needed on the 
work, 

Electric current is distributed at 2200 volts, 3- 
phase, for lighting and power, from a transformer 
station. This is connected with the powerhouse by a 
substantial 3-phase 11,000-volt transmission line. 

Communication across the river is maintained by 
four cableways and one suspension foot-bridge. One 
of the cableways, running to the storehouse, is used 
entirely by the commissary department. Another is 
to be used in the completion of the intake tower, and 
the third and fourth will be used in the construction of 
the dam. For some time the cableways were the only 
means of crossing the river and the first trip which 
an outsider makes in the “skip” is an exciting experi- 
ence. 

The suspension bridge is a structure of interest. 
The slender, graceful curve calls forth admiration— 
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South Bank of the Feather River at the Intake. Crib-dam in the Right Foreground; Compressor-house and Cook- 
house on the Right; Stables and Camp in the Right Background; Transformer-house in Center Background; 


South End of Proposed High Dam in Center 
the Left of Picture. 


from a distance. but the bridge is well built and per- 
fectly safe, and what is more, a very interesting bit of 
engineering. It was built entirely out of old dis- 
carded steel cables, is 435 ft. long and is supported 
from two groups, each of three 34-in. cables. The 
bracing and connecting ropes are 3-in. steel cables. 
The floor is 2 ft. wide and one is prevented from 
stepping off sideways by Elwood wire fencing. There 
are three transverse spars or separators, spaced equal 
distance apart, that carry at their extremities the cross- 
bracing to steady and prevent twisting of the footway. 
The towers are of timber, the one at the south end is 
30 ft. high and the one at the north end 22 ft. high, 
but so placed that its top is 50 ft. above the bridge 
floor. 

The main cables, ending in rods and slings, are 
carried to anchorages consisting of old rails. A short 
tunnel was first driven into the bedrock and then from 
the inner extremity two opposite lateral tunnels were 
driven. The rails were placed in the latter so that 
the slings, entering through the main opening, pass 
about the rails at their middle point There were also 
iron plates placed vertically at the ends of the rails, and 
the whole was concreted into a solid mass. The cables 
have a factor of safety of 7 with a load of 35 lbs. per 
running foot. 

A quarry is being opened on the south bank, a 
short distance below the end of the crest of the new 
dam. Work here is being done both with Burleigh 
drills and a Keystone oil well rig. A complete crusher 
equipment is to be set up at this point. 

The final design of the dam has not been alto- 
gether determined, as it is first desired to expose the 
bedrock thoroughly. The country rock is slate and 
phylitis (metamorphosed slate, Calaveras series), but 
the dam will have a foundation of greenstone, which 
is an altered form of diorite, an intrusive igneous rock. 

In general, the dam will have a gravity ogee sec- 
tion, that is, a section such that it will resist sliding 
or overturning from the water pressure, by virtue of 


Foreground; Quarry in the Left Foreground; Keystone Drill in 








Suspension-foot-bridge below Dam-site to Adminis- 
tration Quarters. 


its own weight, the up-stream side being nearly verti- 
cal, the crest curved to conform somewhat to the 
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natural curve taken by the water flowing over it, and 
the downstream side of the dam, curving in the oppo- 
site direction, eventually discharges the water hori- 
zontally. It is proposed, however, to give added 
stability by curving the structure upstream, using a 
radius about equal to the length of the crest, which will 
be 500 ft. 

During periods of extreme high water the dis- 
charge over the crest will be heavy. To lessen the 
depth of this discharge and also to dissipate, in a 
measure, the enormous energy of this waterfall, thus 





North End Site of Proposed High Dam. The Crest 
will Reach to a Point about half-way between 
the Railroad-track and the Road on which the 
Dump-carts can be Seen. A Test-hole can be 
Seen in the Upper-right Side of the Picture. 


preventing vibration throughout the structure, it is 
proposed to construct aprons, each Ioo ft. long, extend- 
ing from the ends of the dam downstream, which will 
act as continuations of the crest and carry part of 
the flow. 

The dam will have a total height of 140 ft. It 
will contain about 120,000 cubic yards of concrete and 
will require almost two years to complete. 


Header and Pressure Pipes. 
Imbedded in the concrete walls of the tunnel, and 
extending into it from the outlet for a distance of 120 
ft., the header carries the flow from the tunnel and 
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distributes it to the pipe lines. Starting with an in- 
side diameter of 16 ft. 9 in. and thickness of 1 in. it 
makes a turn of 46°-30 just after leaving the tunnel, 
until it lies parallel to the contour of the mountain- 
side. It is carried on concrete piers which in turn are 
supported by a solid bed of concrete placed in a bench, 
cut to the bedrock. 








Header-pipe and Tunnel Bulk-head, showing where 
the Former Enters the Latter. 


The header has three tapered reductions in size, 
giving sections of 14 ft. 11 in., 12 ft. 6 in. and 9g ft. inside 
diameter. In each of these sections there are two out- 
lets, and each outlet is to supply a pipe line. Four of 
these outlets are completed and connected to their cor- 
responding pipe lines. The remaining four are each 
capped with a cast-iron head and are to be used to 
connect to the pipes of the future installation, when 
the plant, as originally designed, is completed. 
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Plan of Header-pipe. 


Each branch consists of a cast-steel section, 
riveted to the header at an angle of 36° and contains 
a butterfly valve operated by a screw and nut through 
a bell-crank fastened to the shaft of the valve, a man- 
hole and outlet for a by-pass pipe. To the end of this 
section and directly in front of the butterfly valve is a 
cast-steel gate-valve. This is operated by a 15 h. p. 
d. c. motor, and is controlled from the switchboard 
in the powerhouse. 

A 16-in. by-pass pipe is provided. It is equipped 
with two 16” gate-valves, set in tandem, one being 
manually operated, while the other is operated by a 
1h. p. d. c. motor and controlled from the powerhouse. 

To an outlet at a point midway between the 
fourth and fifth pipe outlets, is connected the 24-in. 
valves and pipe line which supplies the exciters in the 
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powerhouse. A steel frame corrugated iron shed 
covers the four motor-operated gate valves, providing 
protection for the motors and operating mechanism. 
The header is supplied with three air-valves and four 
manholes. 

After passing the eighth pipe line outlet, the 
header, without further reduction in size, makes a 
turn in toward the mountain, this turn being imbedded 
in a heavy block of concrete, and then turns again 
following the slant of the hill, until an altitude is 
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One noticeable feature, not in accordance with 
Western American practice, is the method of connect- 
ing the sections of pipe together. Instead of having 
an inside course, slipped into an outside course, all 
sections are the same diameter. One end of the section 
is expanded so as to form a V-shaped ferrule, the 
other end is expanded to fit the first. The rivets are 
placed in the ordinary manner, but the groove on the 
inside made by the ferrule prevents the projection of 
the rivet heads, and thereby improves the friction fac- 


reached 22 ft. above the water level at the intake. 


tor. The sections are Io ft. 7 in. long. The sheet steel 
i This is to provide for the liberation of surges which 


and the pipes were made in Germany and the header 
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General View in Main Bay of the Powernouse. 
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might occur, due to sudden changes in velocity of 
flow. A concrete chamber is provided at the end of 
this surge pipe to deflect the overflow into a chute- 
flume, which carries it down the mountainside to a 
point where it can cause no damage. 

Placed near the header is a building containing an 
air compressor, belted to an 85 h.p. induction motor. 
This supplies compressed air for operating the cable- 
way to the opposite bank of the river and also a small 
cable railroad, which runs between the power-house 
and the header. 

The pipe-lines, like the gate and butterfly valves, 
are 5 ft. inside diameter. They are sheet steel, welded 
on the longitudinal seam, and vary in thickness from 
13/32 in. at the top to 43/64 in, at the lower end, 


was made in Philadelphia, the latter was riveted to- 
gether on the ground. The pipe-lines are supported 
at intervals by concrete carried well down into the 
bedrock. The average length is 7o0 ft. 


The Power-House. 

The site where the power-house stands was orig- 
inally a steep mountainside, but was selected as it 
offered a good solid rock foundation. A coffer-dam 
was erected, extending into the river to facilitate ex- 
cavation, which was carried down until all possibility 
of any broken surface rock would be eliminated. The 
building is 183 ft. 4 in. long and 71 ft. 6 in. wide. 

The foundations are of solid concrete under the 
heavy machinery, but the rear of the building is sup- 
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ported on concrete columns and arches, the whole con- 
stituting a piece of work calculated to stand for all 
time. The heavy concrete work is carried up to the 
main floor. The structure below the main floor is 
divided longitudinally by a heavy supporting wall and 
the front also consists of such a wall. The penstocks 
and main water-wheels are carried directly on the con- 
crete foundation, the draft-tubes passing down through 
it and discharging below the front wall. The step- 
bearings and auxiliaries are carried on an arch floor, 
which is supported between the front and longitudinal 
walls, and by transverse walls, while the generators 
which are on the main floor are also carried on arches 
similarly supported. 

The building above the main floor has a steel 
frame with reinforced concrete walls, which support 
a steel truss reinforced concrete slab roof. It is divided 
into two longitudinal bays by a series of steel columns. 
A 50-ton, electrically-operated traveling crane for 
handling the generating machinery runs on I-beams 
supported by the front wall and the center columns, 
through the length of the front bay. The rear bay 


is divided into two floors and these are divided up by 
the various transformer and switching compartments. 
A mezzanine floor at the west end of the building, be- 
tween the main and second floors, provides space for 
storerooms and lavatories. The latter are noticeably 
complete with every modern convenience, even to a 
commodious shower-bath. 

On the main floor, and directly opposite its gener- 
ator, in this bay are the transformer compartments, 
containing the main step-up transformers. Between 
each of these compartments, of which there are four, 
are compartments which are put to various uses. In 
one of these are placed the transformers used to supply 
the station lighting and power and the lighting and 
power for the local camps. In the rear of these com- 
partments are those protecting and supporting the 
high-tension bus-lines. 

On the second floor are placed the generator oil- 
switches and bus-bars, mounted in concrete compart- 
ments and behind them, in their various compart- 
ments, the high-tension disconnecting switches, oil- 
switches and series and shunt transformers. The main 
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switchboard is also on this floor at the west end of the 
building. This will eventually be the center of the 
building, when the plant is completed. 

The exciter sets are on the main floor at the west 
end, but like the switchboard, will be in the center 
when the installation is completed. On this floor and 
directly under the main switchboard is the local switch- 
board. This consists of eight slate panels and contains 
the switches for the exciters, generator-fields, station 
circuits, motors operating gates on header-pipe and the 
circuits to the various camps. 

Underneath the main floor of the rear bay are 
spaces for storing heavy materials for the various uses 
about the station. From the ceiiing, supported on 
slings, are four transformer oil storage tanks, supply- 
ing, through a system of piping, oil, as needed, into 
the transformer tanks. 

Beneath the floor of the forward bay are a series 
of rooms connected from end to end of the building by 
a passageway, in which are contained the step bearings 
supporting the vertical shafts of the main generators. 
The generator field rheostats are also in these rooms. 

Directly under these rooms is another similar set 
of rooms, in which are the operating mechanism of the 
main water-wheels and two sets each of triplex oil 
pumps, one set being operated by a shunt-wound d.c. 
20-h.p. motor, while the other is driven by a 1o-in. belt 
directly from the main shaft. 

At the switchboard end of the station both of these 
floors are lowered several feet. On the lowest of them 
there are two rooms, the first being used as a machine 
shop. It contains a shaper, an 8 in. by 20 in. engine lathe. 
emery-wheel, hacksaw, two drill presses and a pipe- 
threading machine. The second room contains a 10-in. 
centrifugal pump, directly connected to an &85-h.p. in- 
duction motor for pumping out a sump, still lower 
than this floor, into which any water that might seep 
into the building when the river is very high, will run. 
There are also in this room an auxiliary storage tank 
for filtered oil and a triplex oil-pump to supply pres- 
sure at 215 lb., as an auxiliary for the governor and 
bearing system, also an injector pump in the sump. 

In the space over these rooms are two railway- 
car air-compressors to supply compressed air for 
operating the remote-control switches. An air-stor- 
age tank is suspended from the ceiling. There are 
two oil-storage tanks and two oil filters. An addi- 
tional 10-in. centrifugal pump driven by an 85-h.p. in- 
duction motor, for pumping water, has been installed, 
to be used in emergency. 

Near each main generator is a winding stairway 
which passes through the step-bearing room to the 
wheel room. There are also gratings in the floors to 
allow the handling of heavy pieces of machinery by 
the traveling crane. 


The Waterwheels. 

The four main waterwheels are inward flow 
Francis type turbines, and the largest, in point of out- 
put, of any yet built. They have a bronze runner, 
operating within a cast-steel volute casing, through 
which water to the runner is supplied. 

The pressure-pipe or penstock is brought directly 
to the casing, without a gate valve. This arrangement 
is satisfactory, from the fact that the pipe-line is com- 
paratively short, each turbine has its own pipe-line 
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and the motor-operated gate-valve at the head of the 
steel pipe fulfills any function for which a gate-valve 
at the turbine might be used. It further reduces com- 
plication in the powerhouse equipment. The draft- 
tube is of cast-iron, in sections, bolted together. 

Provision has been made, at a point in the casing, 
corresponding with an opening in the front wall of 
the building, for attaching a relief-valve, should this 
expedient be found necessary. So far relief-valves 
have not been installed. The casings were designed to 
withstand any extra pressure, due to surges, without 
the use of this auxiliary equipment. 

Cast-steel guide vanes distribute the flow to the 
runner; these are mounted in the usual manner, on 
steel spindles, which are brought up through stuffing 








Cross Section through the Powerhouse. 


boxes and terminate in a bell-crank. They are oper- 
ated through links, by a movable ring, which in turn 
is connected to and operated by the pistons of the 
governor cylinders. The vane-faces of the runners are 
carefully finished to reduce losses by friction. Directly 
above the runner is a guide-bearing carried by the 
cover of the turbine. 

The total weight of the revolving parts, including 
the shaft and the rotor of the generator is 145,000 lbs.: 
that of the turbine proper is 25,500 Ibs. This weight 
is carried by an oil-disc step-bearing. The latter is 
made up of two discs; the lower one being stationary 
and supported by the arch floor of the compartment, 
already described. The upper disc is a tight fit against 
a shoulder, virtually a part of the shaft, and thereby 
carries the entire weight of the moving mass. Oil, 
under a pressure of 215 Ib. per square inch is fed 
into an annular compartment, between the lower disc 
and the shaft, discharging at the periphery of the 








326 JOURNAL OF ELECTRICITY, POWER AND GAS. 


discs. This discharge automatically. keeps the discs 
separated, so that the upper one is always turning on 
a film of oil. 

The triplex pump in the turbine chamber, driven 
by a belt from the shaft, supplies oil to the step-bear- 
ing. The second triplex pump, operated by a motor, 
supplies oil under 215 lbs. pressure, to operate the 
governor cylinders. 

The governors are placed on the main or gen- 
erator floor. They are of special design for this instal- 
lation, and are known as the double floating-lever 
type. The controlling cylinder in the governor is 
connected through brass piping with the operating 
cylinders, which move the turbine gates and which 
are mounted on the turbine casing. 





Chamber Containing Step-bearing and Generator 
Rheostats. 





Chamber 


Containing Turbine and 
Mechanism. 


Triplex Oil Pumps on the Right. 


Controlling 


A regulator in the discharge pipe to the pump 
maintains a uniform pressure in the system. There 
is a tank between the pump and the governor, which 
acts as a reservoir and a proportion of three of air to 
one of oil in the contents of this tank is maintained 
by the pressure regulator. When no oil is being fed 
to the governor, during periods of constant load, the 
pressure on both sides of the regulator is equalized 
and the oil from the pumps is discharged into the step- 
bearing, which acts as a relief valve. 

Both the governor pump and the step-bearing 
pump receive their supply of oil from a rectangular 
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sheet-steel tank, placed in an opening, below the floor 
of the turbine chamber. 

The turbine may be operated by hand should the 
governor fail, by a small valve on top of the operating 
cylinders, or, in an emergency, arrangement has been 
made whereby water under pressure from the wheel 
case can be turned into one of the cylinders and 
thereby shut down the turbine. 

A safety device, to prevent a runaway, is pro- 
vided as follows: Immediately above the step-bear- 
ing, fastened to the lower side of the coupling fiange 
on the shaft, is a movable arm, pivoted at one end and 
held by a spring, so that it will be thrown outward by 
centrifugal force if the speed of the turbine should in- 
crease a determined percentage above the normal oper- 
ating speed. This arm will engage a toothed segment, 


which is mounted on a shaft and operates a valve,- 


which, in turn, operates on the relay valve in the gov- 
ernor. This shuts down the turbine. 

In designing the turbines, a severe condition had 
to bet met, it has already been explained, that the full 
operating head, upon the completion of the high in- 
take-dam, will be about 535 ft.; but that, until such 
a time as the dam is completed, the head will be 430 ft. 

It was necessary to adopt a design which would 
operate at the ultimate and higher head, under the 
best condition of efficiency and also be capable of 
essentially as good efficiency while operating at the 
lower head. This condition seems to have been met 
in these turbines, a series of tests, which have been 
made, showing the efficiencies to be as follows: 


Builders’ Approximate 

Load. guarantee. test results. 
Me) tec sae bas : 76Q, 65%, 
_ RI eR era Dalits or er 82%, 80%, 
Be era ei prone ny cheeses ee 8007 81%, 


These tests could be made only while operating 
under the lower limit of head and with the full speed 
of 400 r. p. m. Water was measured by the use of 
Pitot tubes. A water rheostat was the means devised 
to give a unity power-factor load for the generator. 


The Generators. 


The main generators are the largest of their kind 
in existence and are of the vertical shaft, revolving 
field type. They are rated at 10,000 k. w. and deliver 
three-phase, 60 cycle current at 11,000 volts. 

The stationary armature is directly supported by 
the main floor structure. It contains two guide-bear- 
ings, one above and the other below the rotating field. 
The armature winding consists of flat bars, there being 
two coils per slot and nine slots per pole. There are 
three star-connected windings, in parallel. Each wind- 
ing occupies one-third of the armature surface or 120 
degrees. 

The rotor was especially designed for this instal- 
lation. Before shipping, they were tested to double 
the normal speed of 400 r. p. m.; as the diameter is 
over 9 ft. the peripheral velocity during this test was 
23,000 ft. per minute, over 4 miles per minute. This 
severe condition called for an unusual design; the pole- 
pieces are dove-tailed into the structure and the field 
coils are supported at their ends, to resist centrifugal 
force, by steel discs. The entire design allows a maxi- 
mum of ventilation without adding to windage losses. 
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To bring the revolving element to a standstill 
quickly and to prevent starting, due to leakage in 
the waterwheel, a hydraulic brake is fitted to a ring, 
fastened to the lower side of the rotor. 

Lubricating oil for the generator guide bearings 
is fed by gravity through a system of brass piping. 
The tanks supplying this oil are located in one of 
the compartments, between the main transformers 
and are suspended from the ceiling of the compart- 
ment, to give the necessary pressure to the oil. A 
motor-operated rotary pump returns the oil after it 
has been filtered, to the tanks. 








Main Generators and Governors. 


Following are the results of tests made of these 
machines, together with the guarantees made by the 


manufacturer: 

Guaranteed. Actual. 
PU. WOM ca citvccadesc dvs wesancxe 96.9%, 97.1%, 
Three-quarters load ..........6.. 96.0%, 96.4%, 
One-half load ...ccccccscscvccces 94.5, 95.0% 


Temperature rise within the 40 degree cent. limit. 
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The Exciters. 

There are two exciter sets. Each is driven by a 
tangential type waterwheel of about 350 horsepower. 
The waterwheel is enclosed in a cast-iron casing and 
is equipped with a needle--nozzle, operated by a Wood- 
ward governor, mounted on the nozzle structure. 

The discharge is caught in a sheet-iron tank or 
basin, which delivers it into a 24-in. cast-iron pipe 
and by which it is carried down, through the lower 
compartments and the front wall, to discharge into 
the river. No attempt is made to maintain a draft on 
these waterwheels. 

The generators are each 250 k. w., 6-pole, 250-volt 
d. c. machines and operate at a speed of 500 r. p. m. 





Rotor of a Main Generator. 


The Switchboard. 

The generator circuits and the outgoing trans- 
mission lines are controlled from the main switch- 
board. This is so placed on a balcony, extending into 
the main hay, from the second floor, that the attend- 
ant may be at all times in view of the machines, and 
have a general supervision of the building. 





Exciter Machines. 











328 
The switchboard is of the standard bench-board 
type, with panels for each generator and its trans- 


former and for the transmission lines. Mounted on 
the panels are all of the instruments necessary for the 
operation of the circuits, in conformation with mod- 
ern practice. 








Main Switchboard. 


Attention is called to a cut which shows the 
arrangement of all main circuits, as diagramed on the 
bench-board. ‘The switchboard is installed for eight 
generators, but equipped only for the present instal- 
lation. 
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Powerhouse. 


Arrangement of Main Circuit in the 


A synchronizer with 3 dial is mounted on a 
pivot, on an arm at the edge of the balcony, in such 
a manner that it may be turned for observation from 
any part of the building. Current for the instruments 
is supplied from series and shunt transformers, in the 
main circuits. 


The Transformers. 


Each generator feeds directly through ducts under 
the main floor and remote-control oil-switches on the 
second floor, its own three-phase transformer 
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The transformers, like the generators, exceed all 
others in size and output. They are interesting in 
that they differ in design from most large transform- 
ers, due to their great size. The shell-type of con- 
struction with flat coils, As these transform- 
ers are three-phase, there are three separate groups 
of coils, one for each phase. 


is used. 


The iron core, as in the single phase type of 
transformer, passes around and through each group 


of coils, a continuous construction, however, surround- 
ing the whole. The advantage of this arrangement, 
instead of using three separate cores, is a saving in 
space and weight; the amount of iron saved being 2 
per cent of the amount necessary for separate trans- 
formers. 
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Core and Cover of 10,000-Kilowatt, 


Transformer. 


Tnree-phase 


Each set of coils is made up of sixteen high- 
tension having a total of 1,328 turns and ten 
low-tension coils. The coils are all wound with solid 


copper ribbon, having a rectangular section and are 


coils, 


one turn per layer. Each coil is completely sur- 
rounded with a covering of insulating material and 


between them are placed sheets of pressboard. Spaces 
are left between the coils and the pressboard barriers, 
to permit of the free circulation of the transformer oil, 
for both insulating and cooling purposes. 

The high-tension winding is designed to deliver a 
potential of 100,000 volts, but has a number of taps 
for lower voltages. The low-tension winding is de- 
signed for 11,000 volts and has taps to give approx- 
imately 5 per cent and 10 per cent increase or decrease 
in voltage, above or below the normal. 

The cover for the transformer case is supported 
by and bolted to the core, so that in lifting the cover 
the core is brought out also. 

The low-tension leads are carried through the 
cover in porcelain bushings; the high-tension leads 
are also carried by bushings in the cover. The latter 
are made up of a series of short segments, between 
which are placed fibre rings of somewhat greater 
These rings are for the purpose of length- 
ening the leakage surface of the bushing. Within 
the bushing are concentric fibre tubes. The conductor 
passes through the center of the tubes and the whole 


diameter. 
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is filled with oil. A gauge at the top of the bushing 
indicates the height of oil within. 
Heat from the circulating oil is absorbed by the 


water whichis forced through the copper cooling 
coils. These are suspended from the cover. The oil 


with which the transformer is surrounded is a spe- 
cially refined product and a motor driven air-pump is 
especially provided to exahust the air in the trans- 
former case before the transformer is placed in opera- 
tion for the first time. 

The case is of riveted sheet-steel and is riveted 
to a cast-iron base. In the base are four flanged 
wheels. rails imbedded in the concrete floor 
extend from the transformer cells into the main bay 
and on these the transformer cases, at all times, rest. 
By this means the transformer may be moved for- 
ward, until it can be picked up by the traveling crane. 


Two 


The total weight of the transformer and case is 
191,000 Ib., divided as follows: Core, 68,000 Ilb.; 
case, 60,000 Ib.; oil, 63,000 Ib. The amount of oil 
necessary is about 9,000 gallons. 

The regulation, while delivering 10,000 kilo-volt- 
amperes, with 100 per cent power-factor, is 1.05 per 
cent; but with the same load and 80 per cent power- 
factor, it is 3.1 per cent. 


The cfficiencies at various loads are very high. 
They are: 
WU TO ee Wie OTK Vek OECTA Ore eee rea eee eeenn 98.66 
THseS- Maer TOKE | 6 s:c0cts sc cache her ee sande wed uvewe es scene 
GRaTEE TORE | A 5 ish e caer iee te ORs ober eee keke ee Neen 
OCNE=GUATTOE IGA. oi isc nk his se eleincs ner tendeaeeea ens ce cea 
After leaving the transformer, the conductor 


passes through an oil-switch, to a disconnecting- 
switch, and then to the bus-lines. [From the bus-line 
the circuit is carried through oil-switches to series- 
transformers (there are but two of these in each cir- 
cuit, the third wire is therefore not brought into the 








Small 
Note 


100,000-volt Series Transformers. The 
Transformer shown are for 11,000 volts. 
the Difference in Size. 


series-transformer compartment), and continued to a 
disconnecting-switch, thence, passing through double 
windows of 34-in. plate glass to the transmission line. 

The oil-switches are of the single-pole, single- 
break piston type and consist of a cylindrical oil cham- 
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ber. Inserted within its upper extremity is the recep- 
tacle which receives the switch-point upon closure of 
the circuit. At the lower end is a smaller cylinder con- 
taining a piston to which is mounted the point of the 
switch. This piston is operated by compressed air, 
supplied through a flexible and specially treated rub- 
The operation is electrically controlled from 
the switchboard. There is a mechanical indicator on 


ber hose. 





100,000-volt Operated 


Pneumatically 
Oil Switch. 


Single-pole 
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Diagram, 


showing Mechanism to Operate 
volt Oil Switches. 


the switch, to show its position, aside from the indi- 
cating lights on the bench-board. 

Air to operate the switches is supplied at 80 Ibs. 
pressure and the direct-current, for electrical control, 
at 250 volts. A small air storage tank of three cubic 
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feet capacity is mounted on the rear wall of the build- 
ing, for each switch, to provide sufficient air to operate 
the switch, in case the main source of supply should 
fail. 

The insulator bushings at the top and bottom of 
the oil-switch are, in general, similar to those in the 
covers of the transformer cases, except that they are 
filled with an insulating compound instead of oil. 

Between the transformers and the transmission 
lines the conductor is made up of I-in. round alumi- 
num tube. This is not so much for the purpose of 
giving ample carrying capacity to the conductor, but, 
by its large diameter, does away with what is known 
as a corona effect, a static discharge, due to high 
voltage. 

Lightning Arresters. 


Mounted on the roof of the powerhouse are two 
sets of aluminum eletrolytic lightning arresters. 
These are severally connected to the transmission line 
wires, through spark-gaps, in the usual manner. 


Operating Arrangements. 

The powerhouse is in charge of a general fore- 
man, who has control at all times. There are three 
eight-hour shifts, each consisting of five men, as fol- 
lows: Shift foreman, switchboard operator, machine 
attendant (main floor), waterwheel attendant or oiler, 
and one man about the step-bearing compartments 
who oils and cleans up. Considering the size and the 
complication of parts of this plant, this is a small 
operating force and speaks well for its efficiency. 


Transmission System. 


Ten years ago the transmission of electricity over 
long distances had become a fairly well understood 
commercial possibility. Engineers, who, previous 
to that time, had been obliged to specially design and 
build much of the apparatus as was necessary to suc- 
cessfully operate their plants, were beginning to pur 
chase standard equipment. The long-distance trans- 
mission of power was an established certainty. But 
ii a company haa existed who could supply and were 
bold enough to attempt to transmit, 54,000 h. p. a dis- 
tance of 154 miles, the feat would have been one at 
which the most daring designer would probably have 
balked. 

The increase in power quantity and the accom- 
panying necessity for higher voltage has required a 
corresponding advance in the art of structural design 
for this purpose and the most notable achievement in 
this feature has been made at the vital point—that of 
support of the electrical conductors. 

First there was the structural steel tower, to replace 
the wood pole, and then came the suspension insu- 
lator, which, of the two improvements, is probably 
the most important. The tower could be built safely 
to a greater height than the pole and thereby allow 
of longer span for the conductor, which meant fewer 
points of support—fewer points of danger from 
grounding and interruptions to service. 

The suspension insulator provided a natural and 
flexible means of supporting the wire, and by virtue of 
its articulated construction, of a number of separate 
insulator discs in series could, by making that number 
sufficient, resist any voltage stress that might be im- 
pressed. 
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The transmission line from the Big Bend power- 
house to Oakland embraces the results of the expe- 
rience of the earlier transmissions and is up to date 
in design and construction. It fulfills the require- 
ment that would have been impossible of accomplish- 
ment a decade past. 

There are an average of seven Milliken steel tow- 
ers per mile—1200 in all. In the mountain sections, 
the spaces between them vary, as the highest points of 
ground were naturally selected. 

The height from the base plates to the extreme 
top is 77 ft., 6 ft. being below ground. There are 
three cross-arms of equal length placed one above an- 


other and ten feet apart. Once in every 3% miles there 


is a tower where the upper arm is attenuated to carry 
four wires. This is for the purpose of transposition, or 
spiraling of the circuit, to neutralize effects of mutual 


induction. 
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Standard Transmission-line 
for Long Span. Tower. 


Special Transmission Tower 


Wherever rivers are crossed, special towers were 
erected to meet the conditions encountered; these 
vary in height from 150 ft. to 290 ft., the latter figure 
being that of the towers spanning the lines over the 
delta of the Sacramento River near Antioch. In 
marshes and other soft places, piles were first driven 
to give suitable foundation to the towers. 

From each end of the arms is hung the insulator. 
These are of the Locke, Thomas and General Electric 
types, but all consist of four and five brown porcelain 
discs. These discs are fastened together by steel links 
imbedded in and inter-connected from the upper and 
lower side of the porcelain in such a manner that if the 
porcelain should be shot away or otherwise broken, the 
links would remain fastened together. From below 
the lowest disc the wire is supported by a substantial 
clamp, held by one hook bolt, six being used where 
strain occurs. 

The insulator is free to swing from the arm and 
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for this reason, on every angle, or at other points where 
the line strain may pull against the tower, there are 
strain insulators. These are similar to the others, ex- 
cept that two sets are used. The wire is dead-ended at 
the insulator, so that the latter stands out from the 
arm in line with the wire, and carries the strain of the 
line directly to the structure. The two cut ends of the 
line are then bridged with a section of wire sus- 
pended between them. 

The insulators are tested to a break-down voltage 
of 200,000. 

The initial line voltage is 110,000. 

The two three-wire circuits are of No. ooo M. H. 
D. copper, 7:strand cable, and the length of transmis- 
sion from the power-house to the Oakland sub-station 
is 153.5 miles. 
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Map of Water-shed and Transmission System. 

There is a 3@-inch steel cable ground wire run- 
ning the entire length of the line and fastened to the 
topmost point of the towers. <A telephone line of No. 
8 solid copper wire is also carried, at a point about 
half-way between the lowest power wires and the 
ground. 

The towers were, when first erected, simply set 
in the ground, except at points where ground condi- 
tions were unfavorable, earth being tamped over and 
about the ground plates. It was thought that suffi- 
cient stability would be secured by this method. Dis- 
covery was made that a more stable fastening was 
necessary at some points, accordingly the tamped 
earth was removed and the hole filled with concrete, 
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which was built up well above the ground. 
expedient has been entirely successful. 

The full load loss, if the entire load should be de- 
livered to the terminus of the line, would be 15% and 
the regulation drop about 24°, depending upon the 
power factor of the load. 


Sub-Stations. 
There are three sub-stations ; the first, at Brighton, 
a suburb of the city of Sacramento; the second, at the 
Cowell Portland Cement plant, near Concord, and the 
third, at the terminus of the transmission line in the 
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The first and last of these sub-sta- 
tions are elaborate, commodious and well built, the 


city of Oakland. 


Cowell sub-station is somewhat smaller, but of similar 
design and finish. 

The Brighton sub-station consists of three build- 
ings, a sectionalizing house, a pump house and the 
sub-station proper. The sectionalizing house, 30 ft. by 
50 ft. and 30 ft. high, of reinforced concrete with slab 
roof, supported by steel trusses, contains the line 
switches and cut-outs. 
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Sub-station. 


Brighton 


Arrangement of Circuits at 

Both circuits of the transmission line are brought 
into the building, through porcelain bushings, sup- 
ported at the center of double 34-in. moulded glass 
windows, 5 ft. square. The lines are carried to dis- 
connecting switches, mounted on the wall directly 
under the windows, and from these to the manually 
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operated oil-switches, which are placed on the floor 
of the building. From the oil-switches, the lines are 
carried to the roof to a second set of disconnecting- 
switches. Beyond these there is a bus-section and 
then the arrangement just described is repeated in 
reverse order, the lines passing again through windows 
to continue the transmission. 
tions is a connecting line containing a set of discon- 
necting-switches. rom each bus-section there is a 
circuit, one passing through windows at one end and 
the other through windows at the other end of the 
building, running to the sub-station building. 





Incoming-line Oil Switches; Disconnecting Switches 
on Right. Transformer Oil Switches and Dis- 
connecting Switches on Left; Brignton Sub- 
station. 


This sectionalizing house permits of the cutting 
the transmission into two almost equal halves and 
allows of any arrangement of circuits or connection 
to the sub-station that may be desired. 

The disconnecting-switches are merely a long 
bladed knife switch, operated by a hook at the end of 
a long wood pole. Each end of the switch is mounted 
on a porcelain column insulator and these are in turn 
fastened to a wooden block about 3 ft. in length. 

The oil-switches are known as the “K-10 type.” 
They consist of a large sheet-steel tank with dome- 
shaped, cast-iron top, filled with oil. The two lines 
are brought through the cover in insulator bushings; 
these are made up of segments, separated from one 
another by fibre barriers, containing insulating com- 
pound. The switch proper is a horizontal bar sus- 
pended at the lower end of a wood arm, which in turn 
is operated in an up-and-down direction by the 
mechanism mounted on the outside of the case. On 
closing the switch, the horizontal bar engages at its 
ends with the spring clips suspended from the bush- 
ings and directly undeneath them. 

The writer was informed that the circuit, while 
carrying a load of 10,000 kilowatts and a potential of 


Between the bus-sec- 
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over 100,000 volts, has been interrupted on short cir- 
cuit by these switches, without apparently the slight- 
est disturbance of an unlooked-for or dangerous 
nature. 

The main sub-station building is of reinforced 
concrete of classic design. It is 100 ft. long and 50 ft. 
wide and contains three floors. The six wires of the 
two incoming circuits enter the upper floor, through 
windows similar to those in the sectionalizing house. 
Kach conductor passes through a disconnecting-switch, 
then to an oil-switch and beyond this to another dis- 
connecting-switch, from which it connects to a bus- 








22,000-volt Oil Switch Compartments and a Corner 
of the Switchboard, Brighton Sub-station. 


line. There are accordingly two bus-lines, suspended 
from the roof and running lengthwise of the building. 
There is a connection between the bus-lines, opened 
by disconnecting-switches. The leads to the trans- 
formers, on the lower floor, are taken from the bus- 
lines, each passing through first,a disconnecting-switch 
and then an oil-switch. The disconnecting-switches 
are operated by hand, but the oil-switches are elec- 
trically operated and controlled from the switchboard. 

The transformers are arranged lengthwise of the 
building and on either side. There is space provided 
for twelve of them, but six are at present installed. 
Each transformer has a capacity of 1,250 k. w. and 
are delta connected, both on the primary and the sec- 
ondary sides; the voltage ratings are, respectively, 
go0,000 and 22,000. Arrangement for rapidly draining 
the oil is provided for, should a burnout occur. 

The 22,000-volt out-going circuits are connected 
through electrically operated oil-switches and discon- 
necting-switches, placed in concrete cells. These 
switches, the two bus-lines and the series and shunt 
transformers for the switchboard instruments are 
placed on two floors, across the end of the building. 
A 10-panel slate switchboard is placed on the main 
floor, directly in front of the switch-compartments. 

There is a depressed track, laid lengthwise of the 
building, down the center. A low transfer car runs 
on this track, its platform being at the level of the 


PEPE EST 


gener ee 


TFN RRR = Ot 


pie 


4 


SJE GAS 





a 
i 
' 
t 
R. 


STM SEE AR RRR aE RR EAR YE 


eee 


April 9, 1910} 


floor and supporting a transverse track. This car 
may be run to a point opposite any transformer. ‘The 
transformers being mounted on wheels which, in turn, 
run on rails imbedded in the floor and which corre- 
spond with the rails on the transfer car, may be moved 
on to the car and thus transferred to any other point 
in the building. A 12-ton Yale & Towne triplex chain- 
block, suspended from the roof, through an opening 
in the upper floor, will pick up loads to be handled 
by the transfer-car. A small air-compressor set is 
provided, for cleaning purposes. 

Direct current for operating the oil-switches 
throughout the building is supplied by a to k. vy. 
motor-generator set. This set has its own switch- 
board and the motor is equipped with a variable speed 
device. At the end of the shaft is a steel dise fly-wheel, 
4o in. in diameter. The normal operating speed ‘s 
1800 r. p. m. Should the line current fail this set, 
from the inertia of its fly-wheel, would run ‘for several 
minutes, thus providing for the operation of the 
switches in the interval, 





Oakland Sub-station. 


To one side of this building, but separated from 
it, is a well-house and a spray-tank, from which water 
to cool the transformers is supplied. The former is a 
low concrete building 20x Ito ft. in size, with its floor 
10 ft. below the ground surface. In the building are 
two 5 h. p. motors which drive Krogh contrifugal 
pumps, together with a system of pipes and valves, 
which permit of the forcing of water from the well, 
directly to the transformers, to return to the tank, 
or from the tank to the transformers and return 
through a spray. ‘There are also fire-hose connections. 

A particularly noticeable feature, especially in and 
about the sectionalizing house, is the continuous buzz 
of minute static discharges into the atmosphere, due 
to the 100,000 volts line pressure and the accompany- 
ing strong odor of ozone. This does not represent 
any appreciable loss and is in no sense a source of 
danger. 

There are at present two 22,000-volt feeders of 
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two circuits each, one to the city of Sacramento and 
the other to the gold-dredger district near Folsom, and 
a single circuit line of the same voltage to supply 
power for pumping along the Sacramento River. 

The Oakland sub-station is somewhat different 
in arrangement, but similar in general design to the 
one just described. There is no sectionalizing house, 
this feature being unnecessary at the end of the trans- 
mission line. This sub-station contains two 10,000 k. 
w., three-phase transformers, similar to those at-the 
powerhouse, and three 5,000 k. w., three-phase trans- 
formers, the high-tension side being wound for 90,000 
and the low-tension for 55,000 volts. 

There are two feeders from this sub-station; one 
carrying current at 55,000 volts to the Ridge sub- 
station of the Pacific Gas & Electric Company, with 
whom this company has a contract to supply power; 
and the other at 11,000 volts to the steam auniliary 
plant owned and operated by this company and located 
at tide-water on the Oakland Estuary. (Described in 
the Journal of Electricity, Power and Gas, Dee. 25, 
1Goy. ) 

The first of these feeders has a single three-wire 
circuit of No. 000 copper cable. It is carried part 
of the distance on the regular type transmission 
towers, already described, until it joins a transmission 
line of the purchasing company. On the latter section 
of its course it is carried on standard triple-petticoat 
insulators. 

The second feeder line is in three circuits, all of 
No. 000 copper cable, mounted on 7-in, 2-part porce- 
lain insulators and supported by wood poles. [rom 
one of these circuits a branch line is run to the Pied- 
mont sub-station of the Pacific Gas & Electric Com- 
pany. 

All the engineering design of the plant except 
the proposed new dam was under the direction of 
Viele, Blackwell & Buck of New York, and Mr. M. A. 
Viele, senior member of the firm, had direct charge 
of its construction. The new dam is designed by 
Mr. John R. Freeman, C. E., of Providence, KK; 2 
who is responsible for its engineering features. Its 
construction is being done by the Great Western 
Power Company. 

The electrical equipment, except where otherwise 
noted, was supplied by the General Electric Company 
and the hydraulic apparatus by the |. P. Morris 
Company. 

The writer desires to express, in behalf of the 
Journal, his appreciation of the courtesy and assistance 
tendered by Mr. H. H. Sinclair, Mr. G. R. Field and 
Mr. J. P. Jollyman, respectively manager, assistant 
manager and electrical engineer for the company, in 
the preparation of this article. 


ENGINEERING DATA OF THE GREAT WESTERN POWER COMPANY'S SYSTEM. 


Hydraulic Equipment of Power House. 
Dam Height 140 ft. 
Hydraulic Conduit Length 15,710 ft. 
Capacity 2,500 sec, ft. 
Static Head 430 ft.-535 ft. 
Waterwheels, 4 Francis 18,000 h. p. turbines. 
Exciter wheels, Tangential Type, two 350 h. p. 


Electrical Equipment of Power House. 
4 10,000 k. w. generators, vertical type. 
4 3-phase raising transformers, 10,000 k. w. 
11,000-100,000 volts, delta connected, both sides. 
11,000-volt switches, electrically operated. 
100,000-volt switches, pneumatically operatea, elect. contr. 
Lightning Protection—Aluminum electrolytic cell arresters. 


Transmission Line. 
Length, 154 miles. 
Milliken steel towers, 7 per mile. 
Circuits, 2 No. 000 copper, 7-strand wire. 
Insulators, suspension type. 
Telephone wire, No. 8 M. A. D. copper. 
Ground wire, %-in. steel cable. 


Sub-Stations. 
3. Brighton, Concord, Oakland. 
Brighton, six 1250 kw. 90,000—22,000 volts. 
Concord, four 1250 kw. (1 spare) 90.000 /440-volt. 
Oakland, two 10,000 kw. 100,000—11,000; three 5,000 kw. 
90,000—55,000 volts. 








334 JOURNAL OF ELECTRICITY, POWER AND GAS 


THE WATTHOUR METER. 


BY WM. M. SHEPARD AND ALLEN G. JONES. 


CHAPTER IV. 


THE COMMUTATING TYPE OF WATTHOUR 
METER. 


(Continued.) 


The Use of the Commutating Meter on Alternating 
Current Circuits. 

As previously explained, the commutating type 
meter is a simple shunt motor, and this being the 
case, the question may arise, “Why is it that such a 
meter can be operated with accuracy on alternating 
current circuits?” It should first be remembered that, 
owing to the iron in the magnetic circuit of an or- 
dinary shunt motor, there would be a great difference 
in phase relation between the current in the armature 
and the current in the fields if such a machine was 
supplied with alternating current, this being due to 
the much greater inductance of the field winding. The 
current in the fields would lag almost 90 degrees be- 
hind the current in the armature, therefore the torque 
produced would not be sufficient to cause rotation. 
The meter, being as it is, devoid of iron in its mag- 
netic circuit, will not suffer from such a phase differ- 
ence when supplied with alternating current. 

The commutating type of meter can be made to 
operate with accuracy on alternating current circuits 
by making an adjustment which is termed “lagging.” 
If this type of meter is used on alternating current, 
precisely the same as on direct current—that is, with- 
out any adjustments—the current in the armature will 
lag a few degrees behind the impressed voltage, while 
the current in the field coils, for a load of unity power 
factor, will be in phase with the impressed voltage; 
the lag in the armature current being caused by the 
inductance of the armature and the compensating field. 
This, however, does not introduce a serious error at 
unity power factor. In order that the meter may regis- 
ter correctly on power factors other than unity, it is 
necessary that the current in the armature be in phase 
with the current in the series field when the meter is 
operating on a load of unity power factor. It is there- 
fore necessary that an adjustment be made that will 
bring the two currents in phase, thereby correcting 
the small phase difference above referred to. Such an 
adjustment is accomplished by shunting a part of the 
current in the series fields through a non-inductive 
resistance. By properly adjusting this resistance, the 
current in the series fields can be made to “lag” until 
it is in phase with the armature current. 

The principle or theory of this method of ad- 
justment may be explained as follows: The series 
coils have both resistance and inductance, and when 
shunted by a non-inductive resistance, the line current 
is divided into two components, one of which flows 
in the non-inductive resistance and the other in the 
field coils themselves. (The current in the non-induc- 
tive resistance is a small percentage of that flowing 
in the field coils.) The relative values of these two 
components of the line current are inversely propor- 
tional to the impedances of the two paths, and the 
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phase angle between them will depend upon the ratio 
of the resistance to the reactance of the series coils. 
This is diagramatically shown at (a) in Fig. 47, where 
OV represents the impedance drop around the series 
coils and the non-inductive resistance together ; i being 
the current in the resitance and i the current in the 
series field coils. The voltage drop, Ri, in the non- 
inductive resistance, will be —OV, and i will be in 
phase with OV. The drop in the series coils, however, 
consist of two components, a resistance drop, R,, i, 
which is in phase with i’, and a reactive drop xi’ at 90 
degrees from i’, the phase angle between i and i’ being 
represented in the figure by ¢. 

The main line current is made up of these two 
components as shown at (b) in Fig. 47, and it can be 
seen from this that the angle B, which is the lag of the 
current i’ in the series coils behind the line current I, 
can be adjusted by merely changing the value of the 
current i in the non-inductive resistance. 





Fig. 47. 


After having properly lagged the meter on say 
50% power factor, it is necessary to recalibrate it, 
since the torque exerted by the series coils will be 
less than before the adjustment was made, as the 
total line current is no longer flowing in the series 
coils. This recalibration is made by adjusting the re- 
tarding magnets, after which the meter will be ac- 
curate for all power factors above 50%. An unlagged 
commutator meter will have a tendency to run fast 
on inductive loads. In any event, where it is neces- 
sary to lag commutating meters it is advisable to take 
the subject up with the manufacturer of the meter in 
question, and obtain their recommendations. In all 
cases involving a great number of meters, it is advis- 
able to change the entire installation over to the in- 
duction type on account of its greater simplicity and 
superior operation on alternating currents. 


Three-Wire Meters. 


In the heart of cities, and in buildings where a 
large amount of current is used, the three-wire system 
of distribution is almost always to be recommended 
on account of the great saving in the amount of copper 
in the distributing wires, the most common system 


ez 


rs 


AEE IRE ETN RNR 8 























XU 


Ae TTR Te 


MBEV IRA ee OYE TS STS ETE ORE pe T= 


XUM 


April 9, 1910) 


being the 220/110-volt system, the current being fur- 
nished (in case of direct current) by either a three- 
wire generator, a two-wire generator with a balancer 
set, or by two generators operating on a three-wire 
connection. The question often arises as to what 
extent should the distributing company insist upon 
having the system balanced. In New York City the 
requirements are very rigid. For instance, all light- 
ing circuits taking more than five amperes must be 
equally divided between the two sides of the system, 
and all motors over 5 h.p. must be connected across 
the outside wires. On the other hand, some com- 
panies pay no attention whatever to the “balance,” and 
depend upon the average conditions to balance the 


Neutral 









Armature 


Serves 
Fve/a 


Fig. 49. 


load at the station bus-bars. At the point of distribu- 
tion, however, the conditions may not be so favorable 
as at the station, thereby resulting in poor service on 
one side or the other of the system. It is therefore 
recommended that some effort be made to keep the 
load fairly well divided between each of the two out- 
side wires and the neutral. 

To measure the power flowing in a three-wire 
system, it is necessary to use two meters connected 
as shown in Fig. 48, or to use one three-wire meter 
whose internal connections are shown diagramatically 
in Fig. 49. The only way in which the three-wire 
meter differs from the ordinary two-wire meter is that 
in the former the series field coils are divided into 
two equal sections, which are connected in the oppo- 
site sides of the system as shown above. 

There are devices on the market for automatically 
connecting the potential circuit to the opposite side of 
the line without reversing the direction of rotation 
of the meter in case one side of the three supply wires 
should be disconnected. 

The armature circuit is usually connected be- 
tween the neutral and one of the outside wires in the 
three-wire meters, because such practice permits 
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cheaper construction, due to the lower voltage im- 
pressed. (In Fig. 50, P represents the armature cir- 
cuit and FF the series field coils.) In either case— 
that is, with the armature circuit across the outside 
wires or across one outside wire and the neutral—the 
three-wire meter is subject to error on unbalanced 
loads; if connected to neutral it may register either 
slow or fast, depending upon whether the voltage be- 
tween C and B (Fig. 50) is less than or greater than 
one-half the voltage between A and B. If the poten- 
tial circuit is tapped from A and B, the meter will 
usually register high on unbalanced voltage, as the 
lower voltage will usually be on the heavier loaded 
side. It is very seldom that the unbalancing of the 


A c B 


Fig. 50. 


toad on a three-wire system is such that it will cause 
any great degree of inaccuracy, but if extreme ac- 
curacy is a question of prime importance it is recom- 
mended that two two-wire meters be used rather than 
one three-wire meter on poorly balanced system. 


High Capacity Meters for Switchboard Service. 


In order that the distributing company may have 
an exact comparison between the power actually de- 
livered from the station bus-bars and the delivered 
power from which a revenue is realized, it is of the 
utmost importance that switchboard meters be care- 
fully selected as to their accuracy and their capacity. 
The question of “over-metering” as brought out in 
Chapter I applies with even more force in the case 
of switchboard meters—the detection of unwarrant- 
able losses depends primarily upon the switchboard 
meters. It will be found in almost every case that it is 
more desirable, for several reasons, to use individual 
meters on the various generators or feeders than to 
use “total-output” meters. In the first place, if a 
single meter is used, its capacity will have to be 
greatly in excess of the average load, in order that it 
may take care of the “peak” load, consequently the 
large meter will be running far below its maximum 
efficiency the greater part of the time. Secondly, if it 
is desired at any time to increase the capacity of the 
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station, the individual method of metering will be 
found to be much more flexible than will the total 
output meter method. In the third place, it is much 
more convenient to test the smaller, individual meters, 
on account of their lighter connections and the ease 
with which testing instruments may be inserted in the 
circuits. All switchboard meters should be so in- 
stalled that future testing may be done with the least 
possible trouble and inconvenience. 

High capacity meters for direct current switch- 
board service are, in almost every case, subjected to 
the influence of powerful stray fields produced by the 
bus-bars which are usually in close proximity to the 
meters; short-circuits and overloads also give rise to 
disturbing influences. In order that switchboard 
meters be free from such disturbances, special con- 


struction is necessary. Fig. 51 is an example of a 








Fig. 51. 


high capacity meter, the one illustrated being for 3000 
amperes. The two armatures are “astatically” ar- 
ranged—that is, they are so connected that should the 
influence of a stray field tend to weaken the torque of 
one armature, it will correspondingly strengthen the 
other, and vice versa. It will also be noticed that the 
retarding magnets are completely shielded by a rec- 
tangular metal box which is built up of soft steel 
punchings, which will effectually divert any stray 
lines of magnetic force which would otherwise affect 
the accuracy of the meter. Very often it is found 
necessary to place such a shield on a meter after it 
has been installed, after which it will also be necessary 
to recalibrate the meter, because the close proximity 
of the shield to the retarding magnets will cause a 
leakage of flux, thereby decreasing the retardation of 
the magnets. This effect is usually slight, but it is al- 
ways better to recalibrate the meter. 

The series field coils of the meter shown in Fig. 
51 are of the “bus-bar” type, the magnetic field being 
produced by a straight copper bar which carries the 
current from one of the large studs past the armature 
to the other stud, the effect being that of a single turn. 
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The standard sizes of this type range from 2000 to 
10,000 amperes at potentials from 100 to 600 volts 
inclusive. 

Switchboard watthour meters ranging in current 
from 50 to 1500 amperes have the same astatic features 
as above noted, but instead of having the “bus-bar” 
field coil, they have several turns of heavy copper. 
Their damping system should also be encased in a 
protecting steel box when the meter is in the neigh- 
borhood of conductors carrying large currents. 

Another difference between the switchboard type 
of meter and the ordinary house type is that in the 
former, all resistance in series with the armature or 
the compensating field is usually external to the 
meter case, thus minimizing the heating effect from 
this source. 

In selecting a switchboard meter, the following 
points should be borne in mind: The meter should have 
a high torque, continued high accuracy, light weight 
of moving element, and should have its armatures and 
retarding magnets astatically arranged. 

A recent development has been made in the de- 
sign of switchboard meters which further protects it 
against the disturbing influence of stray fields. This 
is accomplished by making the “motor” a four-pole 
rather than a two-pole motor. By this arrangement it 
is possible to place two adjacent (positive and nega- 
tive) poles much closer together than in the case of 
the two-pole design. It will therefore be readily seen 
that a stray field coming from any direction will tend 
to more equally strengthen one pole and correspond- 
ingly weaken the other, than in the case of a two-pole 
meter. 

This type of meter can of course be used for or- 
dinary service as well as for switchboard service, pro- 
vided the conditions warrant the expense of the four- 
pole meter. 


Connections of Commutating Type Meters. 

The connections of the commutating type of watt- 
hour meters when used on direct current circuits are 
so simple that it is not deemed necessary to give but 
a few characteristic connections which are shown in 
the following figures: 


7s 
Load 





Fig. 52 shows the connections of a small capacity 
(3 to 50 amps.) two-wire “T. R. W.” meter, of which 
there are still quite a number in service. Fig. 53 is the 
same type meter for two-wire service in capacities of 
from 75 to 1200 amperes. Fig 54 is the “T. R. W.” 
three-wire, 3% to 150 ampere meter. 
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Fig. 55 shows the connections of the General Elec- 


tric type “C” watthour meter for 
5 to 25 amperes, 500/600 volts, 2 wire (C-6 and C-7) 
50 amperes, 100/250 volts, 2 wire (C-6). 


Load 





From 
7o 
Gerzerator paaed 
Fig. 54. 
Sowce Load Sowrre Load 
Fig. 55. Fig. 56. 
Source Load Source L0ag 
Nevsra/ Neutral, 
| 
Fig. 57. Fig. 58. 


Fig 56 is the connection of a General Electric 
type “C”: 
75 to 600 amperes, 100/250 volts, 2 wire (C-6 and C-7). 
50 to 600 amperes, 250/600 volts, 2 wire (C-7). 

It will be noticed that in Fig. 56 that only one 
line wire is carried through the meter on account of 
the large size of the conductors. 
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Fig. 57 shows connections of a General Electric 
type “C”: 
5 to 50 amperes, 200/240 volts, 3-wire meter. 
Fig. 58 shows connections of a General Electric 
type “C”: 
75 to 300 amperes, 200/240 volts, 3-wire meter. 


+ Source Loa 


Newtral Load 





Fig. 60. 


Figs. 59 and 60 show connections of the \Westing- 
house two-wire and three-wire direct-current meters, 
respectively. 


(To be Continued.) 


CARBIDE OF CALCIUM. 

The severe crisis in the carbide industry on the 
European continent, according to the Electrical Re- 
view of London, has now lasted for a period of two 
years, and has become so intense that various German 
and other works have been compelled to suspend pro- 
duction, whilst others are declared to be conducted at 
a loss. A solution of the problem is, however, thought 
to be possible by forming an international syndicate. 
Various works equipped themselves for the contest 
some time ago, and intended to continue the fight to 
the bitter end. But owing to the large losses, and 
perhaps also to the pressure of bank connections, these 
works have gradually assumed a more conciliatory 
tone, and it is said that secret negotiations in regard 
to a syndicate have been opened with the Italian pro- 
ducers. 


BANQUET TO C. A. COFFIN. 

C. A. Coffin of New York City, president of the 
General Electric Company, was the guest of honor at 
a dinner given him on the evening of April 6th at the 
Fairmont Hotel in San Francisco by Dr. Thomas 
Addison, Pacific Coast manager of the company, Dr. 
Addison acting as toastmaster. Speeches of congratu- 
lation on the success of the company on this Coast, 
and particularly in California, were made by Garret 
McEnerney, Thornwell Mullally, Virgil Bogue, Morti- 
mer Fleishhacker, I. W. Hellman Jr., Charles C. Moore, 
Frank B, Anderson and C. L. Cory. 
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New Mine Telephones. 
News Notes 





The announcement that it is now possible to pro- 
duce ductile metallic tungsten in the electric furnace 
means much for the tungsten lamp which has hereto- 
fore been hampered by its filament fragility. Under 
present methods of manufacture tungsten particles 
have been welded into a continuous filament by pass- 
ing an electric current through a binding material 
containing the metallic particles and driven off by the 
high heat. By this new method the metallic tungsten 
can be drawn into fine wire much stronger and more 
rugged than the sintered filament. It is expected that 
the incandescent lamp made with these new filaments 
will not only have a longer life but also be even more 
efficient than the present tungsten lamps. 
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Western America is a land of romance. Here 
Nature has invariably combined the beautiful with the 
wonderful. This she has done in 
limitless variety, for her resources 
seem to be infinite. Whether it 
be vast ranges of mountains inter- 
spersed with huge canyons, great expanses of desert, 
or lovely valleys luxuriant in their verdure, her handi- 
work is never mediocre, it is sublime. 

The pioneers who have had the development of 
this country in their keeping, seem to have caught this 
bold spirit, for from our earliest knowledge they have 
been inspired to great accomplishments. And human 


endeavor has been closely entwined with Nature and 
her wonders. 


The Success 
of a Failure 


There is nothing commonplace in the history of 
the past half-century or more. Life in the West and 
the growth of civilization have not been mere copies 
of other older communities. Man’s accomplishments 
here will ever stand as the result of unusual oppor- 
tunity, untiring effort, and the irresistible inter- 


“mingling of the wonderful spirit of Nature. 


The invasion of the padres and the founding of 
their missions, can never be forgotten; their peaceful 
influence has imparted a noble charm to their com- 
munities; the hostility and treachery of the redskin, 
on the one hand, and their teaching of simple methods 
of living, on mountain and desert, on the other, have 
implanted rugged character; the discovery of gold has 
moulded the destinies of the people, while the wonder- 
ful growth of the cultivation of fruit and flowers, 
through irrigation and, finally, the harnessing of the 
natural resources, in the development and transmission 
of power, have placed the Westernland on a pedestal 
before the eyes of the world. All of these things 
helong to the West, all represent the courage, per- 
sistence and nerve of the hardiest blood of the nation. 

But developments did not come singly, one was 
the natural result of another. Power from the moun- 
tain waterfalls was utilized to operate the quartz mill 
and this water was afterwards distributed over the 
land to supply the one great element, necessary to 
make it produce, the one thing that Nature had for- 
gotten. The daring of some of the earlier projects was 
little short of astounding and seemed to prove that 
man had been infected with Nature’s inspiration for 
great things and would attempt to outdo her, and not 
the least of these was that of bending the course of the 
Feather river in California to man’s will. 

When the commercial science of transmitting 
electricity in quantity was given to the world, and the 
possibility of sending power great distances by means 
other than mechanical, it was the West that was first 
to embrace the opportunity. 

Cheap power meant the building up of industries ; 
it was needed where it could not be had. The older 
developments pointed the way. Many of the earlier 
transmissions were dependent upon and made possible 
by the already existing mining canals and irrigation 
ditches, and a new source of wealth was inaugurated. 

Most thrilling is the story of how failure was 
turned to success and a miner’s shattered dream ma- 
terialized in the development of the Great Western 
Power Company. 
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PERSONALS. Kk. V. D. Johnson general manager of the Northern Cali- 


Henry Frosch of San Francisco is at Coronado Beach, in 
Southern California. 

K. G. Dunn, engineer with Hunt, Mirk & Co., of San 
Francisco, is in Seattle. 

H, V. Carter has returned to San Francisco after spend- 
ing a few days in Los Angeles. 

Jedd P. Fuller, publisher of the Pacific Builder and 
Engineer of Seattle, is in San Francisco. 

A. L. Menzin has resigned as engineer for the Tracy 
Engineering Company of San Francisco, to go East. 


Leon M. Hall, consulting electrical engineer for the Com- 
stock mines, has been visiting the plants at Virginia City. 


Frank H. Short of Fresno, who is attorney for extensive 
water-power and lighting interests of Southern California, is 
in San Francisco. 

William A. Hillebrand has been promoted from instructor 
to assistant professor of electrical engineering at Leland Stan- 
ford Jr. University. F 

R. S. Chapman, representing the H, M. Byllesby interests 
in California, recently returned to San Francisco after making 
a trip to the North. 


C. J. Winslow, formerly with the Holabird-Reynolds 
Electric Company, is now sales manager for Brooks-Follis 
Company of San Francisco. 

J. S. Baker, who has charge of the small motor depart- 
ment of the General Electric Company, has been spending the 
past week in Los Angeles. 


C. R. Downs, manager of the Amador Electric Light & 
Power Company, of Sutter Creek. was a visitor in San Fran- 
cisco during the past week. 

J. O. Toby has been appointed superintendent of the 
Sacramento Electrical Division of the Pacific Gas & Electric 
Company, succeeding“ W. C. J. Finely. 

Francis Hodgkinson, head of the steam turbine depart- 
ment of the Westinghouse Machine Company, has left San 


*Francisco for Pittsburg, via Los Angeles. 


H, A. Tedford, superintendent of construction for the 
Northern California Power Company, with headquarters at the 
Volta Station, recently spent a few days in San Francisco. 


S. N. Griffith of Fresno, who was formerly at the head 
of the Fresno Traction Company, and is now interested in 
oil wells, was a San Francisco visitor during the past week. 


D. A. Lyons expects to start the electric furnace of the 
Noble Electric Steel Company at Herault, Cal., April 11th, 
after a slight delay caused by waiting for a carload of large 
electrodes. 


W. H., Leffingwell, engineer of the Mono Power Company, 
with headquarters at Bishop, Cal., was in San Francisco dur- 
ing the past week on business connected with the Owens river 
development. 


Elmer M. Van Frank, president of the Petaluma-Santa 
Rosa Railway, was married April 4th to Miss Anna C. Glalin 
of Petaluma. The happy couple have gone on a honeymoon 
trip to Rialto, where Mr, Van Frank owns an orange grove. 


Henry G. Stott, superintendent of motive power for the 
Interborough R. T. Co. of New York City, is expected in Los 
Angeles this month in connection with the new steam-turbine 
equipment of the Redondo plant of the Pacific Light & Power 
Company. 


S. B. Gregory has been appointed Pacific Coast manager 
for the Arrow Electric Company of Hartford, Connecticut. 
Salesrooms and offices have been opened at 629 Howard 
street, San Francisco, with a complete line of Arrow E sockets 
and switches. 


fornia Power Company, has returned to Redding, after con- 
ferring with President Noble at the San Francisco office re- 
garding the new contracts that are to be let for the second 
installation on Battle Creek. 


C. A. Coffin, president of the General Electric Company, 
who has been making an automobile tour of Southern Cali- 
fornia, spent the past week in San Francisco with his family. 
After looking over his interests in the northern part of the 
State Mr. Coffin will visit the Pacific Northwest. 


H. H. Jones, former manager of the Springfield (Ill.) 
Street Railway, Gas and Electric Company, has recently been 
appointed manager of the San Diego Gas and Electric Com- 
pany, of San Diego, Cal. Mr. Jones succeeds C. E. Groesbeck 
who has been promoted to district manager of the Pacific 
Coast plants of H. M. Byllesby & Co. 


A. W. Ballard, who has for the last twenty years been 
connected with the General Electric Company, and who is now 
its Los Angeles manager, has resigned his position to take 
effect May 1, 1910. Mr. Ballard is going to spend a few 
months traveling, and after he feels that he has had sufficient 
rest, will again take up his residence in Los Angeles and will 
spend his time looking after his own interests. 


C. E. Groesbeck, who has been manager of the San Diego 
Consolidated Gas & Electric Co., recently passed through San 
Francisco on his return from a trip to Portland in connection 
with taking charge of H. M. Byllesby & Co.’s oflices in that 
city, A suite of seven rooms in the Lewis Building are now 
occupied. Mr. Groesbeck, as vice-president of H. M. Byllesby 
& Co., stated that $5,000,000 will be expended on betterments 
ot the Northwestern gas, electric and telephone systems that 
have been acquired, and that further purchases will be made. 


H. H. Noble, president of the Northern California Power 
Company, has returned from an inspection of his power trans- 
mission lines in Shasta County. It is understood that con- 
tracts will be closed without further delay for the electrical 
equipment for the new power development at Horseshoe Bend, 
on Battle Creek. Three 4,000-k. w. units will be installed this 
season, utilizing an effective head of 440 feet of water. This 
will increase the total capacity of the Northern California 
Power Company’s system to 42,000 h. p., divided between five 
power stations. 


LOS ANGELES ELECTRIC SHOW. 

A committee of seven has been appointed by the Los 
Angeles Sons of Jove to investigate the possibilities of an 
electric show in Los Angeles. The committee have not, as 
yet, made their final report and until they do so no definite 
action will be taken. It is very favorably looked upon, how- 
ever, by nearly all of the local concerns and a great deal of 
enthusiasm has been shown, which is a very encouraging 
feature, 


LOS ANGELES MEETING OF ASSOCIATION OF RAILWAY 
TELEGRAPH SUPERINTENDENTS, 

On account of the reduced railroad rates to Los Angeles 
during the month of June, 1910, and in order that associate 
members and friends who will be required to pay their fares, 
may take advantage of the lower rates, it has been decided to 
postpone the annual convention of the Railway Telegraph 
Superintendents’ Association, which is to be held at Los 
Angeles, to June 20-25, 1910. Headquarters are to be estab- 
lished at the Alexandria Hotel. 

This postponement promises to make it convenient for 
a number of active members also, who would be unable to 
leave their business during the month of May, to attend the 
convention; therefore. it is believed that the attendance will 
be largely increased by the action taken. 
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CHANGE IN DATE OF INSTITUTE MEETING AT SAN 
FRANCISCO. 


Circumstances have made it expedient to change the date 
of the proposed meeting at San Francisco, from April 21-23 
to May 5, 6 and 7, 1910. The meeting will be under the 
auspices of the High-Tension Transmission Committee, and 
will be held in the auditorium of the Home Telephone Com- 
pany’s building, 333 Grant avenue, San Francisco, Cal. There 
will be four professional sessions on the first two days, and 
a tour of inspection on the third day and several days of the 
succeeding week. The sessions will be held at 9 a. m. and 
2 p. m, on May 5 and May 6, 1910. The following papers will 
be presented: 

“The Developed High-Tension Network of a General 
Power System,” by Paul M. Downing, engineer of operation 
and maintenance, Pacific Gas and Electric Company. 

“Hydroelectric Developments and Irrigation,’ by John 
Coffee Hays, consulting engineer, and president, Mt. Whitney 
Power Company. 

“Emergency Generating Stations for Service in Connec- 
tion With Hydroelectric Transmission Plants Under Pacific 
Coast Conditions,” by A. M. Hunt, consulting engineer and 
past-chairman, San Francisco Section A. I. E, E. 

Through the courtesy of the several central California 
hydroelectric power companies, arrangements are being made 
for convenient visits to the more important nearby plants and 
receiving stations in the San Francisco Bay region on Satur- 
day, May 7th, and to the transmission plants and mountain 
generating stations the first days of the succeeding week. 

The high character of the papers which will be presented 
at this meeting, as well as the valuable discussion to be 
expected, should attract a large number of engineers, not only 
from the Pacific Coast, but from other parts of the country. 
It is earnestly hoped that a representative attendance of the 
Institute membership will be present and participate in this 
meeting. 

The opportunities afforded by the proposed tours for 
observing high-tension transmission practice in central Cali- 
fornia will add greatly to the interest. 

The program has not as yet been fully completed, and 
Mr. Ralph D. Mershon, 60 Wall street, New York City, chair- 
man of the High-Tension Transmission Committee; Professor 
Harris J. Ryan, the California member of that committee, 
Stanford University, Cal, and Mr. S. J. Lisberger, secretary 
of the San Francisco Section, 445 Sutter street, San Francisco, 
will cheerfully respond to all requests for additional infor- 
mation. 

At a recent meeting of the San Francisco Section the 
following resolution was passed: 

“The secretary of the local section is instructed to publish 
in the next issue of the Journal of Electricity, Power and Gas 
a notice to the effect that the postponement of the meeting of 
the High-Tension Transmission Committee of the Institute, 
which was to have been held on April 21st, was done by the 
Transmission Committee, and not as an act of the local section 
or of its officers.” 


TRADE NOTES. 


The Brown Electric Company of Wenatchee, Wash., has 
closed contracts for a 5000-h.p. development on the Entiat 
River, 20 miles from Wenatchee. This involves the construc- 
tion of a dam 425 ft. in length and 28 ft. in height. 


The Engineering & Maintenance Company, representing 
the Crocker-Wheeler Company in San Francisco, has just 
closed a contract to install for the Hicks-Judd Company in 
their new printing office, on First street, 30 Crocker-Wheeler 
direct-current motors, ranging trom %4-h. p. to 5-h. p. The 
presses are to have individual motors with the late.t Carpen- 
ter-type controllers. Hampton automatic roller racks will 
also be installed. 
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A. J. Bowie Jr. of San Francisco has taken a contract for 
a number of high-tension switches, of a type that he in- 
vented, which are to be tried out at 110,000 volts on the 
Stanislaus transmission line of the Sierra & San Francisco 
Power Company. 

The Crocker-Wheeler Company’s agents are preparing to 
install a 25-h. p. direct-current motor to drive a 20-page press 
for the “Sun,” a new San Francisco daily paper, on Mission 
street, between First and Second. Each stereotype machine 
will be equipped with an individual Crocker-Wheeler motor. 


The General Electric Company has sold the Northern 
California Power Company a rotary condenser, which will be 
installed on their extensive system for the purpose of bring- 
ing up the power factor on some of the lines. The machine 
is rated: A. T. I. 10-1,000 k. v. a 720 r. p. m. 2,300 v. It 
consists, practically, of a synchronous motor with a “squirrel 
cage” in place of the ordinary winding. 


The rapid growth of H. M. Byllesby & Co., of Chicago, 
and the constantly increasing number of cities and towns in 
which it owns, operates and manages ulility properties, has 
caused the company to open a department of publicity. The 
new department will handle both the commercial and educa- 
tional advertising of the organization, and will be in charge 
of William H. Hodge. Mr. Hodge formerly was managing 
editor of the monthly magazine, Public Service, and is a 
specialist in publicity work for utility companies. 


The General Electric Company has sold the Great Western 
Power Company one 4-unit, 4-bearing frequency changer set, 
as follows: An A, T. B. 10, 2500-kw., 300 r.p.m., 13,200-v., 25- 
cycle generator, driven by an A. T. I. 24, 2750-kw., 300 r.p.m., 
11,000-v., synchronous motor, with direct-connected exciter and 
starting motor. A T. 29 D controller will be used. Twenty- 
five cycle current will be supplied to the Southern Pacific 
Company’s rotaries, which will furnish current for the opera- 
tion of their local electric roads in Alameda County. 


Sanderson & Porter report good progress on the equip- 
ment of the Sierra & San Francisco Power Company’s Bay 
Shore substation. All of the 3750-kw. tansformers have been 
dried out ready for service as soon as the transmission line 
and switcbhoard are completed. Eight construction crews are 
pushing the line work and it is probable that the United 
Railroads will be able to take power from the Stanislaus plant 
within a month.. One of the new 1500-kw. General Electric 
motor generator sets in the Bryant avenue substation is al- 
ready in successful operation, using a connection from the 
present source of supply. 


The city of Cannon Falls, Minnesota, has recently awarded 
the Pelton Water Wheel Company contract for two main 
750-h.p. Pelton-Francis turbines and one 60-h.p. Pelton-Francis 
turbine for driving the exciter, The main turbine as well as 
the turbine for driving the exciter will be direct connected to 
electric alternators and supply current for the municipal light- 
ing service besides current for the commercial power load. 

Additional turbine contracts to be awarded the New York 
works of the Pelton Water Wheel Company is the AuTrain 
power plant, AuTrain, Wisconsin; besides large turbines for 
the firm of H. M. Byllesby & Co. of Chicago. 


The contract for the new exchange at Dickenson, N. D., 
has been awarded to the Kellogg Switchboard & Supply 
Company, Chicago. The new switchboard is to consist of 
two 1,800-line sections with the following equipments: 540 
common battery multiple lines, ten toll lines, twenty pay 
station lines. tI is to have three common battery positions 
and one toll position, also, one toll test panel equipped for 
ten lines. The power equipment will consist of two sets of 
cells storage battery, one mercury arc rectifier, two Kellogg 
four frequency pole changers and two sets of transformers 
in one cabinet. There will be a Monson slate power board to 
match rectifiers. 





Wiha 





e 
e 
f 
a 





April 9, 1910) 








A 







Mans 


suy 


NEW MINE TELEPHONES. 
The Western Electric Company announces the comple- 
tion of the design of two new types of mine telephones, on 
which its engineers have been at work for the past eighteen 





Mine Telephone. Metal Type, Closed. 


months. The accompanying cuts illustrate three views of the 
new No. 356-12 metal type set. A specially treated wooden 
type set has been developed, having the same general features 
of operation and arrangement as the metal set shown here. 





Mine Telephone, Metal Type. Open for Use. 


As it will be noted from the cuts, the sets are very compact 
and most attractively designed, All of the apparatus inside the 
cuse is most accessibly arranged, but at the same time it is 
carefully protected. All maintenance work in connection with 





Mine Telephone. Metal Type. Open for lespection 


these sets can be attended to simply through the use of a 

screw-driver. No soldering irons or torches are necessary. 
The line wires to the sets may be brought in either at 

the top of the box or at the bottom. When brought in at 
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the top the curved connector shown at the top of the box 
in the illustrations is used. This connector, it will be noted, 
prevents moisture or water from running into the set when 
the wires are led into the top of it. It will be readily seen 
as the wires come down to the set and make the turn into 
the curved connector any moisture or water will drop from 
this point and not follow the wire into the apparatus. 

When the line wires are brought in from the bottom it is 
not necessary to use the curved connector, and the opening 
for it at the top of the set is closed by a suitable plug pro- 
vided for the purpose. 





Mine Telephone. Wooden Type. 


The gongs are specially designed to give a loud, clear 
ring which can be heard a long distance in the mine. As 
seen in the illustration, these gongs are protected by a hood, 
making it impossible for large particles of foreign matter 
to fall on them or interfere in any way with their action. 

The sets are equipped with a No. 48 type 5-magnet gen- 
erator, which is the most efficient hand generator for tele- 
phone use on the market. The transmitters and receivers 
are of the standard “Bell” grade type which are so well 
known in this country and abroad. All the windings of the 
receivers, ringers induction coils and generators are spe- 
cially treated so as to protect them from the acid fumes, 
gases and moisture. 


NEW CATALOGUES. 


The rapid increase in the use of concrete has necessitated 
a corresponding increase in the manufacture of Portland 
cement, Bulletin No. 4722, recently issued by the General 
Electric Company, enters more or less into the details of elec- 
tric drive in connection with the manufacture of this mate- 
rial, pointing out the advantages, offering suggestions to mill- 
owners, and illustrating a number of installations. 


The General Electric Company has recently issued 
a publication devoted to the use of the flame are 
lamp for the lighting of streets and large interiors. The high 
efficiency of the flame arc lamp is well known. The lamps 
described in this publication are designed to operate two in 
series on 110 v., alternating or direct current; four in series 
on 220 v., alternating or direct current; ten in series on 550 v., 
alternating or direct current; direct current series 9 6-10 
amperes, alternating current series 4 to 7 5-10 amperes. The 
descriptions of various lamps are taken up in detail and will 
prove of interest to central station men. The number of this 
bulletin is 4717. 
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NEWS NOTES 


FINANCIAL. 

RED BLUFF, CAL.—The Victoria Power and Mining 
Company, which operates mines at French Gulch, has _ in- 
creased its stock from 150,000 to 250,000 shares, at the par 
value of $1 each. 


THE DALLES, ORE.—The City Council has passed a 
resolution calling for putting before the peopie at the next 
election the bonding of the city for $5,000 for the purpose of 
refunding certain water bonds, to run for 10 years, to bear 
interest at 6 per cent. 


SACRAMENTO, CAL.—A clear water supply for Sacra- 
mento lost out when the $666,000 bond issue for a filtration 
plant and pumping station was defeated at the polls by 176 1-3 
votes. The total of 4,109 votes were cast. Of this number 
2,563 favored the bonds and 1,546 were opposed. It took a 
two-thirds vote, or 2,739 1-3 votes, to carry. The principal 
opposition rested with the brewery interests, which were 
solidly opposed to the bonds. 


INCORPORATIONS, 
SEATTLE, WASH.—The Berlin Power Company has been 
incorporated with a capital of $500,000 by R. C. Burtrand, 
F. L. Forbes and Jas. H. Henley. 


OREGON CITY, ORE.—The Home Oil and Gas Company, 
with a capital stock of $25,000, has been: incorporated by L. 
Vierhus, J. Mumpower and J. W. Watts. 


ROSEBURG CAL.—The Roseburg Oil and Gas Company, 
with a capital stock of $10,000, has been incorporated by F. W. 
Dillard, G, A. Harmon and J. T. Goodman. 


PORTLAND, ORE.—The Central Oregon Water Power 
Company, with a capital stock of $500,000, has been incor- 
porated by H, F. Chapin, A. G. Hill and N. B. Chapman. 


VISALIA, CAL.—The Gibson Addition Water Company of 
Lindsay, with a capital stock of $1,600, has been incorporated 
by W. H. Amdock of Visalia, E. J. Yarnall and L. W. McClel- 
lan of Lindsay. 


SEATTLE, WASH.—The Waupello Corporation, with a 
capital of $100,000 has been formed by Andrew P. Johnson, 
Charles Eugene Banks and J. F. Roy Erford, to develop light 
and water power. 


TACOMA, WASH.—Evans-Dickson Company of Tacoma, 
Wash. (electrical equipment, telephone, telegraph, etc.), with 
a capital stock of $20 000, has been incorporated by Llewellyn 
Evans and D. T. Dickson. 


TACOMA, WASH.—Articles of incorporation have been 
filed for the Thomas Gas Light & Power Company, with a 
capital stock of $2,000,000. The trustees are: R. Thomas, 
San Francisco; F. A. Schmallo, Tacoma; A. M. Holton, San 
Francisco, and D. D, Schneider, Tacoma. 


PORT ANGELES, WASH.— The Olympic Power & 
Electric Company has been incorporated with a capital stock 
of $1,000,000. The incorporators, Geo. A. Glines and Thomas 
T. Aldwell, formed this company for the purpose of develop- 
ing the power on the Elwha River. Engineer E. W. Cum- 
mings will have charge of the engineering and development 
work. 


ELLENSBURG WASH.—Articles of incorporation have 
been filed by the South End Water Company, capitalized at 
$12,000 and with its principal place of business in this city. 
Its objects are to construct and operate and renew a system 


for the supply of water to sucn parts of Ellensburg as it 
shall obtain franchise for; also to purchase, own and sell 
shares of other water companies. The incorporators are: 
G. DeWees, C. Anderson and J, W. Gilliam. 


TRANSMISSION. 
SPOKANE, WASH.—Boulevard Park Railway Company 
has been incorporated for $12,000 by Samuel Glasgow et al. 
WENATCHEE, WASH.—The Wenatchee Valley Railway 
& Power Company has been granted a street-car franchise 
here. 


EPHRATA, WASH.-—A 45-year franchise was recently 
granted L. V. Wells for furnishing light and power for this 
place. 


KUGENE, ORE.—The Lane County Asset Company will 
soon begin the surveys for its electric lines in this place and 
vicinity. 

IONE, WASH.—The $6,000 dam of the Ione Light & 
Power Company across Cedar Creek at this place has been 
washed out. 


TACOMA, WASH.—The Puget Sound Power Company 
has been granted a franchise to erect a line of poles along the 
county road from Electron to Kapowsin, 


BAKERSFIELD, CAL.—The San Joaquin Light & Power 
Company will complete its transmission line, about April 10th, 
from Lemoore to Coalinga, 40 miles No. 2 copper, 30,000 volts. 


MISSOULA, MONT.—The Chamber of Commerce is nego- 
tiating with W. H. Smead of this city for the construction of 
an electric railway 75 miles long between this place and 
Polson. 


TENINO, WASH.—The Tenino Light & Power Company 
is making ready to begin work on a $200,000 power plant on 
the Skookumchuck this spring. S, W. Fenton is president of 
the company. 


GRANGEVILLE, IDAHO.—A 30-year light and power 
franchise has been granted to Walter Hovey Hill and work 
on the power plant about five miles from here on the South 
Fork will be started at once. 


VANCOUVER, B. C.—It is announced that the Dominion 
authorities have given the Vancouver Power Company the 
right to construct the high dam and otherwise improve its 
hydraulic plant at Lake Coquitlan. 


NEWPORT, WASH.—Henry Miner and J. C. Grover will 
soon begin development work on their proposed water power 
plant at Freeman Lake. Manufacturing plants are to be 
established for utilizing the power. 


WENATCHEE, WASH.—The Brown Electric Company 
will open bids early in April for the construction of hydro- 
electric plant on the Entiat River to cost approximately 
$500,000, and to develop 5,000 h. p. 


CALDWELL, IDAHO.—Harold Williams, City engineer, 
has started on a preliminary survey from this place to Ros- 
well for an electric line which has been under consideration 
by the citizens of this place and vicinity for some time. 


VICTORIA, B. C.—The West Coast Power Company, Ltd., 
through Lorenzo Alexander, one of its directors, is giving 
notice of an application for 3,500 ft. per second of water in 
Gordon River for the purpose of installing a fully equipped 
power plant. 
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VANCOUVER, B. C.—The route for the proposed tram 
line to Point Grey has been settled and the British Columbia 
Electric Railway will soon begin work on same. 


COALINGA, CAL.—The Coalinga Electric & Water Com- 
pany, Emery Weston manager, are scattering poles for dis- 
tributing lines to oil fields. Have installed 300-kw. trans- 
former Statem. Machinery for 600 kw., on way, will be in- 
stalled immediately. 


SEATTLE, WASH.—Captain J. L. Anderson, of the 
Anderson Steamboat Company, plans to build a railroad on 
the east side of Lake Washington, from near Bellevue to 
Redmond, by way of Kirkland. Gasoline cars are to be used 
at first and the line electrified later. 


SEATTLE, WASH.—!In addition to previous installations, 
the Superior Portland Cement Company, Seattle, Wash., has 
also placed an order with Allis-Chalmers Company for a 250 
k. w. 3-phase, 60-cycle, 600-volt, 600 r. p. m. belt driven alter- 
nator and a 9 k. w. 120-volt exciter for the same. 


CITY OF MEXICO.—Arrangements have been completed 
which places the Guanajuato Light and Power Company in 
possession of the electric company at San Louis Potosi. 
The new company will begin the operating of the San Louis 
plant some time during April, A transmission line will be 
built between two cities. 


FRESNO, CAL.—An application has been made to the 
Board of Supervisors by the Fresno Traction Company, for a 
franchise of a street and interurban railroad along, across 
and upon certain streets and highways in the County of 
Fresno. Sealed bids will be received up to 11 a. m. April 
23, 1910, for the sale of the franchise to the highest bidder, 


SACRAMENTO, CAL.—Joseph Shaw has filed an applica- 
tion for a franchise to stretch wires along the county roads 
for the purpose of supplying electricity for light, power and 
heat. He is in the suburban field of Sacramento and wants 
a franchise particularly for Oak Park, Curtis Oaks, Highland 
Park and Oak Grove. The power will be furnished by the 
Great Western Power Company. 


CHIHUAHUA MEX.—Reports from Ocampo are to the 
effect that the Sierra Consolidated Mines Duluth Company, 
headed by Thos. F. Cole, J. B. Cotton and R. M. Atwater Jr., 
is well pleased with the result of the development® work on 
its Ocampo mines. It is understood that the company has 
decided to build an electric power plant in timber where 
wood is plentiful and transmit power to its mines and mill. 


WEISER, IDAHO.— The Council Mesa Orchard Company, 
composed of Eastern capitalists who own about 20,000 acres 
of orchard land between Cambridge, Council and Indian Val- 
ley are contemplating the installing of an electric plant 
on the middle fork of Weiser, power to be generated from 
that stream, by which an electric line will be operated from 
the land of the company to a connection with the Pacific 
and Idaho Northern, at Goodrich, including a distance of 
25 miles. 


GRAYS HARBOR, WASH.—The growing competition for 
the acquisition of established electric power and lighting 
plants all over the Pacific Slope has become very interesting 
of late. The latest announcement is that of the purchase of 
the Grays Harbor Railway & Light Company, of Aberdeen, 
Wash., by the Sanderson & Porter interests. The price is 
unofficially stated as $2,000,000. Sanderson & Porter and 
associates, of New York, have already secured control of a 
dozen public utility corporations. The largest of these is 
the Grays Harbor Railway & Light Company, which has about 
12 miles of local and interurban electric road connecting 
Aberdeen with Hoquiam. The new management will soon 
begin a 40-mile extension of the interurban line, giving Grays 
Harbor connection with the Puget Sound cities. The first 
point reached will be Montesano, the county seat of Chehalis 
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County. The new line will terminate at Olympia, where con- 
nections will be made with Northern Pacific for Tacoma and 
Seattle. 


TELEPHONE AND TELEGRAPH. 

LOS ANGELES, CAL.—The Pacific Telephone & Tele- 
graph Company will build a three-story building for operat- 
ing purposes in the Wilshire District to cost, with equip- 
ment, $150,000. 


SUSANVILLE, CAL.—The application of Wm. E. Hills 
for a franchise to erect a telephone and telegraph line along 
the county road, running from Susanville to the boundary 
line between Plumas and Lassen counties, has been read and 
submitted. 


SAN FRANCISCO, CAL.—Vice-President and General 
Manager R. P. Schwerin of the Pacific Mail Steamship Com- 
pany, now in New York, has closed a contract with the 
United Wireless Telegraph Company for the installation of 
wireless plants in all the trans-Pacific steamers of the com- 
pany, according to information given out yesterday by the 
United Wireless officials. The Korea of the Mail line already 
has a wireless plant said to be the most powerful carried 
by any merchantman in the Pacific, and the success that has 
been attained by Operator S. A. Phelps on this boat has 
finally convinced General Manager Schwerin that it would be 
advantageous to install outfits on all the steamers. 


ILLUMINATION. 
EVERETT, WASH.—The Everett Gas Company will 
spend $300,000 in improving plant. 


HILLSBORO, ORE.—E. H. Corbett has been granted a 
franchise for a new light and power plant in the city. 


LOS ANGELES, CAL.—Ornamental lights are contem- 
plated for Seventh street, from Boyle avenue to Hoover street, 
3% miles. Seventy-one per cent of the frontage has been 
signed. 


MISSOULA, MONT.—The contract for furnishing combi- 
nation electric and gas lighting fixtures for the court house 
was awarded to Cascade Gas & Electric Fixture Company for 
$2,749.50. 


TACOMA, WASH.—Sealed bids have been received at 
the office of the Commissioner of Public Works for one auto- 
matie hand-operated oil switch of 66,000 volts, to be delivered 
f. o. b. South Tacoma, Wash. 


MEDFORD, ORE.—J. R. Anderson has applied for a 
franchise to erect a gas plant. If granted, work will start at 
once. Tanks and pipes to the amount of $100,000 will be 
installed the first six months. 


LOS ANGELES, CAL.—By the award of a contract to the 
Stacy Manufacturing Company of Cincinnati, the San Ber- 
nardino Valley Gas Company of Los Angeles (Pacific Light 
and Power Company) for $135,000 to build a gas plant of 
2,000,000 cubic feet daily capacity at Colton, a number of 
Southern California towns will be improved in lighting. This 
plant will supply San Bernardino, Colton, Redlands, River- 
side, Pomona and several other towns. 


OAKLAND, CAL.—An application by the Central Oak- 
land Light and Power Company for permission to lay con- 
duits through the streets of the city has been granted by the 
Board of Public Works. Excavation work will be commenced 
by the company in a few days in Eighth street, between 
Broadway and Clay; Tenth street, between Broadway and 
Clay; Twelfth street, between Jefferson and Alice, and in San 
Pablo avenue, from Fourteenth street to Twentieth street. 


OAKLAND, CAL.—The Oakland Gas and Light Company 
is preparing to spend a large amount of money in the recon- 
struction of its distributing system. Frank A. Leach Jr., 
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manager, says that the company has been supplying current 
in the congested business districts at 110 volts ever since 
the pressure was increased in the march of electrical prog- 
ress from 54 volts, about ten years ago, but has been distrib- 
uting at 220 volts in the residence sections and especially in 
the outlying districts. In the last year there have been 
great developments in the electrical world and the progress 
made in the high efficiency lamps and other apparatus has 
been such that the company has decided to make such 
changes as will be necessary to supply its consumers with 
110 volts in all but the scattered and outlying districts, where 
the great cost makes it prohibitive. High efficiency lamps 
are made for the higher voltage, but not in such variety as 
the lower voltage, so that all may use the new lamps if they 
desire. 


TRANSPORTATION. 


STOCKTON, CAL.—The application of the Stockton Ter- 
minal & Eastern Railway for a franchise over the road con- 
necting the Waterloo road and East street, has been granted. 





SACRAMENTO, CAL.—The Supervisors have passed an 
ordinance granting to the Northern Electric Railway Com- 
pany a franchise to erect a bridge over the river at the foot 
of M street. 


ISLAND BAR, CAL.-—The Great Western Power Com- 
pany has decided to use electric power instead of compressed 
air in the operation of its aerial trams. Electric derricks 
are also to be installed. 


ALBUQUERQUE, N. M.—The construction of the new 
Highland car line by the Citizens’ Traction and Power Com- 
pany will begin within a week, at the south end of the line, 
on South Edith street. 


PASADENA, CAL.—As one of the features of the four- 
track system between Los Angeles and Pasadena, now being 
constructed by the Pacific Electric, a double track will be 
laid on South Lake avenue. 


SCIO, ORE.--Dr. A. G. Prill and E. C. Peery, promoters 
of the Scio-Munkers Railway project, have made application 
to the county court for a franchise for crossing the county 
road by an electric line to run from Scio to Munkers. 


OAKLAND, CAL.—Because of a miscalculation in the 
time for the publication of the opening of bids for granting 
a street-car franchise to the Peninsular Railway Company, 
all bids were rejected by the Council, and sealed bids will 
now be received on May 2d. 


THE DALLES, ORE.—The Council has passed an ordi- 
nance granting to E. W. Thomas, a Philadelphia capitalist, a 
franchise for the construction of a street railway line, to 
extend below and above the bluff, and to run southeast to the 
Dry Hollow District and southwest out Mill Creek way, and 
to be operated within two years. 


CANANBA, MEX.—The ore-hauling system at the Four 
C.’s Mine, in the Cananea District of Mexico, will be electri- 
fied and transportation will be underground instead of over 
a narrow-gauge railway on the surface, as it is at present. 
It is expected to equip mines later with a system of under- 
ground electric railways, similar to that in use in the Bisbee 
Mines of the Copper Queen Company. 


PORTLAND, ORE.—General Manager F. I. Fuller, of the 
Portland Railway, Light & Power Company, has announced 
that the railway company has decided to lay a double-track 
on Sandy road, from East Sixteenth to East Twenty-eighth 
streets, to be connected with the Burnside-street bridge, thus 
giving the Rose City Park the contiguous distirct, a much 
improved street-car service. 
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SAN FRANCISCO, CAL.—President Calhoun’s latest re- 
port of the earnings of the United Railroads Company is for 


January last, when the company carried 12,563,320 passengers, 


or a little over 400,000 for each day of the month. This is 
1,275,860 more passengers than were carried in January of 
1909. Gross earnings for the month amounted to $627,666. 
This is an increase of $61,293 over the same month of last 
year, when the gross receipts were $566,373. Calhoun’s re- 
port to the Eastern holding company of the local corporation 
on the month’s business in all its various details is not made 
public, so the net earnings and surplus for the month can- 
not be given. The gross earning capacity and the number of 
passengers carried is considered a good and reliable comment 
on the growth and activity of San Francisco and its present 
population. The street railway officials are of the opinion 
that the January business of the company strongly indicates 
that the city easily has a population of 450,000. 


SAN FRANCISCO, CAL.—The complete reorganization of 
the Vallejo, Benicia and Napa Valley Railroad Company, the 
electric line operating between Vallejo and Napa and St. 
Helena, is to be effected within a month’s time. W. E. Bots- 
ford of Los Angeles will be eliminated from the management. 
Captain Z. J. Hatch, president of the Monticello Company, 
which now holds a strong traffic agreement with the electric 
road, declared that a reorganization was imminent and that 
the Monticello Company was considering the acquisition of 
the line, which is the natural feeder of the shipping company. 
Botsford is a Los Angeles financier, and the trustee of the 
bond issue is a Los Angeles trust company. The trouble 
in the corporation centered about Botsford’s alleged handling 
of the recent $1,500,000 bond issue of the road. The Napa 
Valley electric road was started about five or six years ago. 
The original bond issue was $500,000. Several months ago a 
bond issue of $1,500,000 was projected for the double purpose 
of withdrawing the original bonds and spending $1,000,000 
on an extension of the road to St. Helena. The extension has 
been made, but the $500,000 issue of bonds has not yet been 
retired to the satisfaction of the bondholders. 












WATERWORKS. 


OAKESDALE, WASH.—Sealed bids have been received 
by the Council of Oakesdale for the furnishing of the mate- 
rial and constructing of a system of waterworks. 


BELLINGHAM, WASH.—Crane & Co. of Seattle were 
awarded the contract for the water department material 
called for in accordance with an order of the board some 
time ago. 


SPOKANE, WASH.—J. F. O’Brien, secretary and man- 
ager of the Hanford Irrigation and Power Company, has 
announced that actual work on the irrigation project to 
irrigate 200,000 additional acres of land southeast of Spokane 
will be commenced this year. 


BELLINGHAM, WASH.—The Board of County Commis- 
sioners have signed the franchise giving T. H. DeHaven, Dr. 
H. Thompson and M. F. Myers the right to install a water 
system in the town of Glacier. The water for the system 
will be secured from Cornell Creek, and the feed-pipe will be 
about 1,200 feet in length. Under the terms of the franchise 
two plugs must be installed on the main streets for fire 
protection. 


SACRAMENTO, CAL.—An application was made to the 
Board of Supervisors, by the East Sacramento Water Com- 
pany, for the grant of the right, privilege and franchise of 
laying and maintaining water pipes, mains and conduits in so 
many and in such parts of the public streets, highways streets 
and alleys as the grantee may elect in the portions of the 
County of Sacramento. Sealed bids will be received by the 
said board up to 2 p. m. April 22, 1910, for the sale of the 
franchise to the highest bidder. 











A 


Aluminum Co. of America 
Pittsburgh, Pa. 
San Francisco, Monadnock 
Bldg. 
Los Angeles, Pacific Elec- 
tric Bldg. 
Seattle, Colman Bldg. 


American Circular Loom Co.__.-- 14 | 


Boston, 45 Milk. 

San Francisco, 770 Folsom. 
Seattle, 416 American Bank 
Building. 


American Electrical Heater Co. __- 
Detroit, U. S. A. 


American Ever Ready Co.____-- 
San Francisco, 755 Folsom. 
Ios Angeles, 1038 S. Main. 


Aylsworth Agencies Co. ____---- 
San Francisco, 165 Second, 


B 
Barnes-Lindsley Mfg. Co. - - - ---- 


Portland, Ore. 


Benjamin Electric Mfg. Co. ___- 
Chicago, 40 W, Jackson Bvd 
San Francisco, 151 New 
Montgomery. 


Blake Signal and Mfg. Co. 


Boston, 246 Summer. 


Bonestell & Co 


San Francisco, 118 First. 


Brookfield Glass Co., The____--- 
New York, U. S. Exp. Bldg. 


Brooks-Follis Elec. Corporation _- - 


San Francisco, 44-46 Second St. 


Bryant Electric Co. -__--------- 
Bridgeport, Conn, 
Sen Francisco, 609 Mission. 


Buxbaum & Cooley ____- 
Seattle, 69 Bulombis St. 


Cc 


Cal. Incandescent Lamp Co. : 
San Francisco, 669 Mission, 


Crocker- Wheeler Compeny 
Ampere, N. J 
San Franc ise o, 195 
mont. 


Cutter Company, The 
Philadelphia, Pa, 
San Francisco, 770 Folsom. 
Seattle, 416 American Bank 
Building. 


D 
D. & W. Fuse Co.__-_--- 


Providence, R. I. 


Dearborn Drug & Chem. Works - 
Chicago, Postal Bldg. 
San Francisco, 301 Front. 
Los Angeles, 355 E. 2d. 


Duncan Elec. Mfg. Co. - 
Lafayette, Indiana. 
San Francisco, 61 Second. 


E 
Electric Goods Mfg. Co 


Boston, Mass. 
San Francisco, 165 Second. 


Electric Storage Battery Co. 
Philadelphia, Pa. 
san Francfsco, Crocker,Blg. 











F 


Fort Wayne Electric Works 
Fort Wayne, Ind. 
San Francisco, 604 Mission. 
Seattle, Colman Bldg. 


G 


General Electric Co.__ 
Schenectady, N. Y. 
San Francisco. Union Trust 
Bldg. 

Los Angeles, Delta Bldg. 
Seattle, Colman Bldg. 
Portland, Worcester Bldg. 
Atlanta, Ga. 
Baltimore, Md. 
Boston, Mass. 
Buffalo, N. Y. 
Butte, Mont. 
Charleston, W. Va. 
Charlottery N. C. 
Chicago, Ill. 
Cincinnati, O. 
Cleveland, O, 
Columbus, O. 
Denver, Colo. 
Duluth, Minn. 
Indianapolis, Ind. 
Kansas City, Mo. 
Minneapolis, Minn. 
Nashville, Tenn. 

New Haven, Conn. 
New Orleans, La. 
New York, N. Y. 
Philadelphia, Pa. 
Pittsburg, Pa. 
Richmond, Va. 

Salt Lake City, Utah. 
St. Louis, Mo. 
Spokane, Wash. 
Svracuse, N. Y. 


Goetz, OD: C:& Co.....- 
San Francisco, 916 P ost: al 
Tel. Bldg. 


H 


Habirshaw Wire Co. - 
New York, 253 Broadway. 


Henshaw, Bulkley & Co.___---- | 
San Francisco, 19 Fremont. 
Oakland, 1436 5th. 

Ios Angeles, 262 S. Los 
Angeles. 


Hughes & Co., BE. C......- 9 
San Francisco, 147 - 161 
Minna. 


Hunt, Mirk & Co. 


San Francisco, 141 Second. 


I 
Indiana Rubber & Ins. Wire Co. _ - 


Jonesboro, Indiana, 


J 


Johns-Manville Co., H. W.___- 
New York, 100 William. | 
San Francisco, 159 New 
Montgomery, 

Los Angeles, 203 E. 5th. 
Seattle, 576 1st Ave. So. 


K 
Kellogg Switchb’d & Supply Co._ 13 


Chicago, 
San Francisco, 88 First. 


Kierulff, B. F. Jr. & Co._- 


Los Angeles, 120 S. Los 
Angeles, 


Kilbourne & Clark Company ___ 
Seattle, 307 First Ave. So. 


Klein, Mathias & Sons 
Chicago, Station U, 29. 
San Francisco, 155 New 
Montgomery. 





L 
Lindsley- Wright Co 


Portland, Ore., 
lock Bldg 


Locke Insulator Mfg. Co. 
Victor, N. Y. 
San Francisco, Monadnock 
Bldg. 
Los Angeles, Pacific Elec- 
trical Bldg. 
Seattle, Colman Bldg. 


336 Sher- 


M 
Moore, C. C. & Co., Inc 


San Francisco, 99 First. 
Los Angeles, Trust Bldg. 
Seattle, Mutual Life Bldg. 
Portland, Wells-Fargo Bld. 
Salt Lake City, Atlas Bldg. 
New York City, Fulton 
Bldg. 


Murdock, Wm. J. Co 


Chelsea, Mass. 
San Francisco, 162 Minna. 


N 


New York Insl’td Wire Co 
New York, 114 Liberty. 
San Francisco, 770 Folsom. 
Seattle, 416 American Bank 
Building. 


O 


Cem Ce. 5 oo sb cke 
Mansfield, Ohio 
San Francisco, Monadnock 
Bldg. 
Los Angeles, Pac. Electric 
Bldg. 
Seattle, Colman Bldg. 


Okonite Co. 
New York 


P 
Pacific Electric Heating Co 


Ontario, California. 
Chicago, 558-560 Washing- 
ton Blvd. 


Pacific Gas & Elect. Co., The-- 


San Francisco 


Pacific Meter Co. 


San Fr -ancisco, 301. ‘Santa 
Marina Bldg. 


Partrick Carter & Wilkins Co. 


Philadelphia, 22d and Wood. 


Pelton Water Wheel Co., The 
San Francisco, 1095 Monad- 
nock Bldg 


Phillips Insulated Wire Co 
Pawtucket. R. I. 


Pierson, Roeding & Co.____---- 
San Francisco, Monadnock 
Bldg 
Los Angeles, Pac, Electric 
Bldg. 

Seattle, Colman Bldg. 


Portland Wood Pipe Co 


Portland, Ore. 


Reisinger, Hugo 
New York, 11 Broadway. 


S 


Schaw-Batcher Co. Pipe Works _ - 
Sacramento, Cal., 211 J St. 
San Francisco, 356 Market. 


253 Broadway. 





Simplex Elect’l Co., The 
Boston, 1106 State. 
San Francisco, 612 Howard. 
Los Angeles, Security Bldg. 
Seattle, Alaska Bldg. 
Portland, Couch Bldg. 


Simplex Electric Heating Co 
Cambridge, Mass. 
San Francisco, 612 Howard. 
Los Angeles, Security Bldg. 
Seattle, Alaska Bldg. 
Portland, Couch Bldg. 


Southern Pacific Co 
San Francisco, Flood Bldg. 


Sprague Electric Co. 
New York City, 527-531 W. 
34th. 
San Francisco, Atlas Bldg. 
Seattle, Colman Bldg. 


Standard Und. Cable Co 
San Francisco, First Na- 
tional Bank Bldg. 
Los Angeles, Union Trust 
Bide. 
Seattle Office, Lowman Bld, 


Sterling Paint Company, 
San Francisco, 118 First. 


Swayne, R.B 


San Francisco, 813 Postal 
Telegraph Bldg. 


= 


Technical Book Shop 


San Francisco, 604 Mission. 


Tel. & Elec. Equip. Co. 
San Francisco, 612 Howard. 
Los Angeles, Security Bldg. 
Seattle, Alaska Bldg. 
Portland, Couch Bldg. 


Thomas and Sons Co., 
New York, 227 Fulton, 
East Liverpool, Ohio. 


Tracy Engineering Co._________- 
San Francisco, 461 Market. 
Le s Angeles, Central Bldg. 


V 


Vulcan Electric Heating Co 
Chicago, 545 W Jackson 
Blvd. 


Vulcan Iron Works ___. - 


San Francisco, 604 Mission. 


W 


Westinghouse. Elec. & Mfg. Co... 6 
Pittsburg, Pa. 
Los Angeles, 527 So. Main St, 
Denver, 429 Seventeenth St. 
Seattle, Central Bldg 
Salt Lake City, 

212-214 So. W. Temple St. 
San Francisco, 165 Second St. 
Spokane, Columbia Bldg. 
Portland, Couch Bldg. 
Butte, Lewisohn Bldg, 
Canada, Canadian-Westing- 

house Co., Ltd., Hamilton, 

Ontario. 

Mexico, G. &. O. Baniff & Co., 

City of Mexico. 


Westinghouse Machine Co 
Pittsburg, Pa. 
San Francisco, 141 Second. 


Weston Elect’l. Instrument Co.___ 14 
Waverly Park, N. J. 
New York, 114 Liberty. 
San Francisco, 682 - 684 
Mission. 


| Wilbur, G. A 


San Francisco, 61 Second. 
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Aluminum Co. of America-_----- 
Pittsburgh, Pa, 
San Francisco, Monadnock 
Bldg. 
Los Angeles, Pacific Elec- 
tric Bldg. 
Seattle, Colman Bldg. 


American Circular Loom Co._ --__- 14 
Boston, 45 Milk. 
San Francisco, 770 Folsom. 
Seattle, 416 American Bank 
Building. 


American Electrical Heater Co. __- 
Detroit, U. S. A. 


American Ever Ready Co._-__-_-- 
San Francisco, 755 Folsom. 
Los Angeles, 1038 S. Main. 


Aylsworth Agencies Co.___---.- 5 


San Francisco, 165 Second. 


B 


Barues-Lindsley Mfg. Co. .------ 9 
Portland, Ore. 


Benjamin Electric Mfg. Co. _----- 
Chicago, 40 W. Jackson Bvd. 
San Francisco, 151 New 
Montgomery. 


Blake Signal and Mfg. Co.__---- a 
Boston, 246 Summer. 

Basel Ot Ce ieee ssh 9 
San Francisco, 118 First. 

Brookfield Glass Co., The_._---- ] 


New York. U. S. Exp. Bldg. 
Brooks-Follis Elec. Corporation... 4 


San Francisco, 44-46 Second St. 


Bryant Electric Co. ____-------- 
Bridgeport, Conn. 
Sen Francisco, 609 Mission. 


Buxbaum & Cooley ___--------- 
Seattle, 69 Columbia St. 


Cc 
Cal. Incandescent Lamp Co.----- 2 


San Francisco, 669 Mission. 


Crocker- Wheeler Company - - - - - - 
Ampere, N. J. 
San Francisco, 195 Fre- 
mont, 


Cutter Company. Weteaos 
Philadelphia, Pa, 
San Francisco, 770 Folsom. 
Seattle, 416 American Bank 
Building. 


Providence, R. I. 


Dearborn Drug & Chem. Works... 9 
Chicago, Postal Bldg. 
Sen Francisco, 801 Front. 
Los Angeles, 355 EB. 2d. 


Duncan Elec. Mfg. Co... --.--- 9 
Lafayette, Indiana. 
San Francisco, 61 Second. 


E 
Electric Goods Mfg. Co._..----- 5 


Boston, Mass, 
San Francisco, 165 Second. 


Electric Storage Battery Co. ___..- 
Philadelphia, Pa. 
San Francfsco, Crocker,Blg. 











Fort Wayne Electric Works_____ 
Fort Wayne, Ind. 
San Francisco, 604 Mission. 
Seattle, Colman Bldg. 


G 


General Electric Co._.________- 
Schenectady, N. Y. 
San Francisco, Union Trust 
Bldg. 
Los Angeles, Delta Bldg. 
Seattle, Colman Bldg. 
Portland, Worcester Bldg. 
Atlanta, Ga. 
Baltimore, Md. 
Boston, Mass. 
Buffalo, N. Y. 
Butte, Mont. 
Charleston, W. Va. 
Charlotte, N. C. 
Chicago, Ill. 
Cincinnati, O. 
Cleveland, O. 
Columbus, O. 
Denver, Colo. 
Duluth, Minn. 
Indianapolis, Ind. 
Kansas City, Mo. 
Minneapolis, Minn. 
Nashville, Tenn. 
New Haven, Conn. 
New Orleans, La. 
New York, N. Y. 
Philadelphia, Pa. 
Pittsburg, Pa. 
Richmond, Va. 
Salt Lake City, Utah. 
St. Louis, Mo. 
Spokane, Wash. 
Syracuse, N. Y. 


San Francisco, 916 Postal 
Tel. Bldg. 


H 


Habirshaw Wire Co.._...------ 
New York, 253 Broadway. 


Henshaw, Bulkley & Co... ..-- 


San Francisco, 19 Fremont. 
Oakland, 1436 6th. 

Los Angeles, 262 S. Los 
Angeles. 


Hughes & Co., E. C.._..------ 
San Francisco, 147 - 161 
Minna. 


Hunt, Mik & Co,..........-.- 


San Franzisco, 141 Second. 


I 
Indiana Rubber & Ins. Wire Co. _ _- 


Jonesboro, Indiana. 


J 


Johns-Manville Co., H. W.___-- 
New York, 100 William, 
San Francisco, 159 New 
Montgomery. 

Los Angeles, 203 E. 5th. 
Seattle, 576 Ist Ave. So. 


K 


Kellogg Switchb’d & Supply Co._ 
Chicago. 
San Francisco, 88 First, 


Kee, or. Wee Co... ..... 
Los Angeles, 120 S. Los 
Angeles, 


Kilbourne & Clark Company-___ 
Seattle, 307 First Ave. So. 


Klein, Mathias & Sons_________ 
Chicago, Station U, 29. 
San Francisco, 155 New 
Montgomery. 
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Lindsley-Wright Co.___..._-.-- 
Portland, Ore., 336 Sher- 
lock Blidg. 


Locke Insulator Mfg. Co.__-_-__-- 
Victor, N. Y. 
San Francisco, Monadnock 
Bldg. 
Los Angeles, Pacific Elec- 
trical Bldg. 
Seattle, Colman Bldg. 


M 
Moore, C. C. & Co., Inc.._____- 


San Francisco, 99 First. 
Los Angeles, Trust Bldg. 
Seattle, Mutual Life Bldg. 
Portland, Wells-Fargo Bld. 
Salt Lake City, Atlas Bldg. 
New York City, Fulton 
Bldg. 


Murdock, Wm. J. Co.___.------ 
Chelsea, Mass. 
San Francisco, 162 Minna. 


N 


New York Insl’td Wire Co.____- 
New York, 114 Liberty. 
San Francisco, 770 Folsom. 
Seattle, 416 American Bank 
Building. 


Ne a eo a ee 
Mansfield, Ohio 
San Francisco, Monadnock 


Bldg. 

Los Angeles, Pac. Electric 

Bldg. 

Seattle, Colman Bldg. 
ee ts ee 

New York 253 Broadway. 


P 
Pacific Electric Heating Co. _-_- 


Ontario, California. 
Chicago, 558-560 Washing- 
ton Blvd. 


Pacific Gas & Elect. Co., The__- 


San Francisco 


Pacific Meter Co. .......------ 


San Francisco, 301 Santa 
Marina Bldg. 


Partrick Carter & Wilkins Co. __- 


Philadelphia, 22d and Wood. 


Pelton Water Wheel Co., The-__- 
San Francisco, 1095 Monad- 
nock Bldg. 


Phillips Insulated Wire Co. _----- 
Pawtucket. R. I. 


Pierson, Roeding & Co._____--- 
San Francisco, Monadnock 
Bldg. 

Los Angeles, Pac. Electric 
Bldg. 
Seattle, Colman Bldg. 


Portland Wood Pipe Co._-_---.-- 
Portland, Ore. 


Retieger, Mage. ........---.- 
New York, 11 Broadway. 


Ss 


Schaw-Batcher Co. Pipe Works _ - 
Sacramento, Cal., 211 J St. 
San Francisco, 366 Market. 


2 


Simplex Elect’l Co., The _____-- 
Boston, 1106 State. 
San Francisco, 612 Howard. 
Los Angeles, Security Bldg. 
Seattle, Alaska Bldg. 
Portland, Couch Bldg. 


Simplex Electric Heating Co._ __ _- 
Cambridge, Mass. 
San Francisco, 612 Howard. 
Los Angeles, Security Bldg. 
Seattle, Alaska Bldg. 
Portland, Couch Bldg. 


Southern Pacific Co. _...._____- 
San Francisco, Flood Bldg. 


Sprague Electric Co. _______--.- 
oa York City, 627-531 W. 
San Francisco, Atlas Bldg. 
Seattle, Colman Bldg. 


Standard Und. Cable Co,______- 


San Francisco, First Na- 
tional Bank Bldg. 

Los Angeles, Union Trust 
Bide. 

Seattle Office, Lowman Bld. 


Sterling Paint Company, --___--_-_- 
San Francisco, 118 First. 


Ye eS eee 


San Francisco, 813 Postal 
Telegraph Bldg. 


“s 


Technical Book Shop -_--_-_-__--_- 
San Francisco, 604 Mission. 


Tel. & Elec. Equip. Co. ____--_- 
San Francisco, 612 Howard. 
Los Angeles, Security Bldg. 
Seattle, Alaska Bldg. 
Portland, Couch Bldg. 


Thomas and Sons Co., R.______-_ 
New York, 227 Fulton, 
East Liverpool, Ohio. 


Tracy Engineering Co.____ >. ___- 
San Francisco, 461 Market. 
Los Angeles, Central Bldg. 


V 


Vulcan Electric Heating Co.___- 
cnrenee, 545 W Jackson 
vd. 


Vulcan Iron Works ___.-______- 


San Francisco, 604 Mission. 


Ww 


Westinghouse. Elec. & Mfg. Co... 6 


Pittsburg, Pa. 


Los Angeles, 527 So. Main St. 
Denver, 429 Seventeenth St. 


Seattle, Central Bldg. 
Salt Lake City, 


212-214 So. W. Temple St. 
San Francisco, 165 Second St. 


Spokane, Columbia Bldg. 
Portland, Couch Bldg. 
Butte, Lewisohn Bldg. 


Canada, Canadian-Westing- 
house Co., Ltd., Hamilton, 


* Ontario. 


Mexico, G. &. O. Baniff & Co., 


City of Mexico. 


Westinghouse Machine Co. _-_-_._- 
Pittsburg, Pa. 
San Francisco, 141 Second. 


Weston Elect’l. Instrument Co.___14 


Waverly Park, N. J. 

New York, 114 Liberty. 
San Francisco, 682 - 684 
Mission. 


San Francisco, 61 Second. 


















